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dear Sirs

This lotter(;epcrt denerilios the research condustod undor

~——

Yack Owdar Ho. —)fram Cetober 1 throu~h [Hovember &, 1057. Thic ree
[
port preconts in some defall o gumdary of the daforoation obialned

and the resultc of a cursory evaluation.
SITIARY

he litorature has c¢ited the installation of a cewer in
Canadn that hos dinoneicng vhich can he concidered to De within the
lindits specified under Tagk Crder Uc. J for a horigzontal Dole. This
sower wao constructed of precacteconcrote rings having a S0einche
equivalont elliptical eroos section, and involved tunneling for a
distance of 2,300 feets To be Jiroctly applicable to the objostive
of Tack Ordor Loe T, sush an oporotion would have to be preceded by
a topographical gurvey; the line and grade of a tunnel would bo
detemined by conventienal surveying reans, and the denth bolow Lhe
carfais could be ectablighed only after the topography of the arca
vaoc detoralnods

Aloco, additional inforantion was obtained on 4 more of the
orioinal 10 pothodo of eoxmeavating holes. Turboirills are on the

verpe of boecoling avallable from Dresger InCustries. A horizoantal
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auger ig roported to have bored for a dictance of 530 foct. Cme of
the Gomgolidinted [discon Company of Now Yerk machines has nade a
horlzontal bere 340 feet longz, vlcoing the targot by only 2 foot.

A courereial rachine pattormed aftor the drill desiznod by the
Golifornia Pivision of Highways is now on the nmarkot. Thus, tho
poocdbility of applying ome of thcee four methods to the owcavation
ef intercet hae iopreved, bBut thore is obildl no cvidoree thoat o
elnllar oxeavation has been aceounlicshed by any one of then.

A Qur@hor otudy of deepeweld practicos with repard to tho
use of drilliing mud and the cacing of bore heoles has discloced favore
able poscibiliticsc. Tho uco of ctecel wellecascing inctallod in octeps
ef roduced diamoter oldcht omable eon cxnicting caechire, such ac a hoavye
duty horicontal auger, to rake tho proposed lensth of bore. o cthor
pocodbility Lo to proocurize the oxcavation with Jrdlling oule cesing
a heowigoantal hole f£1lled and proccurized with (rillicg oud pishi
elininnte tho nood for a lincer and also improve the peooibility of
uglng o horlicental rotary Crlild or a pipe-boring nachine 21l2 Ll of
Coneoliiatod "dlcon Genpany of How Yorlie

A pagasine apticle printed im 1947 deocrilos a horicontole
driliing oycton propoecod by Leo lanney. His objective was recarkadly
ginilar te that of Zack Order Tloe T. Thove is no dndleatlon ac to
ohother Rapnoy'c syoton vas over tricd.

tio furthor information wau obfaimed on thie cubjectn of ovore
burdor ponetration anl umucual drillinn nothodse o trpeven cothols

of deotceting or cenbroiling the dirceticn of o hericcental ‘w31l have

¢
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baen noted. “hopo latter factors, deﬁés%&mg and controlling,

amparontly are the lecaotedovcloped phaces of horicental drillinge
Puture ‘worl: on Yask Order los. 3 will Do deveted to a core

thorough evaluation of the informntion nt hand, an’' the nreparation

of a suncary ropert on the roceasch program.

GHRAGLNODRING ACTIVITY

The project activity during Octobor has doen a continunticn
of ¢he scarch for Lnforzation on excavoting and lining long hozizontal
holose The subjocts of overburdenepeonetration cethods and unucual
drilling cethods were of particular intorcet. Core additicnal 4nfore
pation on a few of the morce predicing drilling rethoeds proviocusly
reported hos boon obtaimed from orpaninations concerred uwith then.

A patent art scarch vas also comducted im Qotobor. Gopies
cf ajprozicateody 160 patentc vwore obtaimed on a varloty ef dovicos
and naehlines pertainingz to carth boring and drilling, and oininge A
groat nany 4leas ave reprogonted thorelng semelof thoce centeibute
vory 1ittle to the procont otudy, Lut could be of value tec a doveleps
went procran dirocted toward achieving the objoctives of Vask Crier
foe Qs

The rosults of our comtinucd gearel are precexted in the
fellowiag scctions, wihlch aro oicilor o those of tho lact report

fated Getoder 30, 1957)s The itcens om which no additional daforca=

tion vas found are onittods

SN TS N
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lMethods of Dzoavating {oleg

Additional information has been obtalmod on § of the 18
mathode of excavating holos indicated im.tha last report. Zhose
five cethods, with their original iten numpora. are ap folleowgss

(2) Vortical downehole rotary arilling
(9) Rorizontal cuser drilling

(12) Horicontal pipe~boring

(16) ferizontal retary drilling

(13) Tunneling.

Vortical Down-licleo Rotary Drilling

An inguiry woes nade of Dreccor Inductrice, Inc., 2allas,

~ Texzas, to dotornine the cupront situation with repard to turbos
drill availability. Ir. ritchel of that organizatlica said that they
plan to carket turbodrills on a very linited Lasls within the next
month or twe. Thoy will fabricate the drills to be wariketed,

3
&

shic prenise of avallability carrles with 4t only tho cone

(e

potntion thot turbedrills could definiteoly bheo concidered im a
horisontalelprilling-unit developnent pregran, if such a prosras suould
¢ome about, A turbodrill 4o ctill not directly applicadle to Jopie

gontal drdilling through carthe

Hor&somtal Aurer Drilling

Sotie intorcoting information was provided DY lire T Ue Zonry,

Acodoctont Genoral lanager of Do-llo Tooko, Ince., Cicore, I11dlncis,

S
\‘\

N

Sanitized Copy Approved for Release 2011/06/28 : CIA-RDP78-03642A002400070001-7



Sanltlzed Copy Approved for Release 201 1/06/28 CIA- RDP78 03642A002400070001 7

[

w5 - Jeeerber Sy 1057

wadeh nakoo and mariots horlicontal coptheausor rachinocs lpe Joney
cald &,aﬁ the neoinal mazicun beore lensth fer a hordcondal auyer is
uoeally Xinditod by the driveenotor torgues Adr cotors ope the ueual
powor cource provided as part of [ae-llo aursrs. It hao Leen found
practical dn ocuo dnstancoes to noddfy the auser caghinog Ly usiog
too odr cotors in tanden, thus cupplyling greater torquo amd £ociiie
tatineg o longer bores. A large clectriec nmotor or a sacoline ensine
con be usod in place of ¢the odr cotors 42 s8ill groator forgue Ao rie
quireds o mocalled ome cace 4o which a bore 30 luches in dlaocstor
and $39 feoot lonr was rade with an awner working lncide of o cteed
pipes the power cupply in $hip eaco ucs tWe acoline engines.

Theoro 1os of courco, a 1icit to the practicabildity of
increasing the povor supsly or toriuve on exloting ausers, ao [re lloory
sodnted cute An oweoorive 4dnorcane dn torgue woull cisply recult 4o
en aw~wor Z0lling 4n forcion. To oadd that thoey had neot hod cceaclon
to bulld an ontraestrons ousor vith g 6 or Gwineh dlasolop, but

aateated thot thoy wewld bo Antorcctoed i€ Shorvo vere a [otonbliad
zarkof for cuch an augodres

The acseupragy of aupor boves was also dicsvonod Lriclly with

°

Ive Homprye Anparantlys tho okill of the oporator can influcnce the
chraismtnoos of bore alooct as nueh as can the cencictenoy of the
varicus types of materialds onccuntoreds Fer any Slven ouild conlition,
thore coors to Do an ondiscun coudimition of rodtalicral and feod patos

which will rocult da the otrali-htest holoe Oaly by the appilcaticn

of thuo opreaterts erporlonce ard @341l ean thic cesbimntica bo
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approached with any degree of dependablility during actual excavoticn.
Hre Beary caid that operation of a horizontal auger insile of a pigpe
or hole lincr alco improves the hole ctraightneess. Advancing the
pipe along with the auger provides a continuouo otiffening o%lcct

and thus reducos hole doviation.

Horizontal Pipe-Scoring

tir. Joln Bogdanoweki, Suporianteancdent of the [othods
Divicion, Consolidoted Zdigon Ccopany of Wew York, provided a ilttle
nopo inforzation on their exporicnce with the spocial pipe=-boriag
pachiness 04 telephene conversation with hin and a recently oublished
av%&cle(ag)‘ on a paper writtea by his wero the bases for obtalning
this additional informaticn.

The longect bore achieved so far by the pipe-boriag technlque
is 350 feet, The diametor of thie boro was not zenticned, Lut ig
apsumod to be at leact 16 inchese In this particular caco, a rallroad
embanknent cencioting of bouldere, gravel, and clay vas bored. %he
tornination of the béro pisced the target by cnly 2 feet.

Theoe Comsolidatod Dddcon machines - three siceos aro in
ugo = have boem found by that company to be quite catiefactory. The

nashines, copecially the srmaller oises, are utiliced alnost daily,

*Tunbors in parcatheccs refer $o itoro listed in the Bibliosranhys
the nuthers of the roforconcos in thio roport follew concecutively
thoso lioted im the previocus roport (datod October 30, 1057).
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cnd intoreoctod persone could see one in oporation at alrmost any ticze,

aftor appropriate acranzezents vere nade.

Aoplicontal Rotary drilling

The 1itorature reforconco on the herizontal drill prenared
and uced by the California Division of Birhways, that vas citod in
gho lasct report as Reforcence 21, vwas about 2 years olde [ire Jo s oot
Matorialo and hescarch (Div.) of that erzanization, was contucstod to
obtain 1aformmticn about thoir subdscauent experdemce with the Jdrilld
rig, which iavelved conventicmal rotary drill bite and dpildl otring
or rod, and had tho cazability of thructing casimg into tho drilicd
holes

Throe or four of theco horisontal drills have been in uee
intornidteontly during the past twe yoars or 80. %he parinuo ole
dianetor bored io ctill 4=-1/2 inches, and the masisas bore lencth o
otill about 300 feot,.

re Doot cald that they Jo experionce heole devintione and
that tho okill of tho eporator 4o depended upon to keep deviaticns to
o oindrune This do oxmplathed 4a a lator secticn of this report ualer
wipoctional Control¥s [Ir. Moot eonfiraed the acsumntion cade in our
lact ronowt, that an arca of cubcurface uater 4o a relatively larmse
toargot, ond eonsoquoatly, 4n atteopts to intorsent cuch a tar;ot, scce
hole devintion ean Lo toelorpateds

The application of thece drillo io ouclucdvoly Zor bLoring

noles imto ohich a 2einche=diamclor Crain pire io incerted. [ze 00t

DT
BRI I
(R i
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inddcated that they occasionally have scorious difficulty with draine
pipe imsertiom aftor drilling bLecauce of cave=inge Ouch caving im,
however, dceo not seem 0 bothor the irilling opcration or Grilld
removal.

It was also lcarnod fron the discussicn with lize Toot that
a panufacturcr in Oklahoma has juct recently placed on the uopket a
arill patteraed aftor the California cachine. That nanufacturoy vas

ouboequently ecntoctnd and has provided adverticing litorature.

Lunneling

Cne roforonce wao found to litoraturo whieh deceribce a

(26)

opocial kind of tunno} cever coastruction The cise of scuor
and tho method of conotruction arc withim the ccope of imtorocts of
ez Ordor Moe e

The unique feoaturce of this nothed Lo the uco of ellintical,
progacteconcretos linor ringe. GFheoo riage arce quite chort anrially,
and this foaturc pernito then to bo pasced through oash othor. Vor
ezanple, the firct liner ring 1o sct im place ot the tunnel ontroace
(tho major azisc of the ellipco 4o cot vertically). Tho tunmel ie
emeavabod o fou feot deyond tho set ringe The sccond iluor ring a6
1aid on ito poriphoral oide, Lo pasged through the firot ring, and
4o croctod by hand and joimed with tho firot ring, thuo exntonding the
linoy incarde Ao tunpeling pregroocces, the trancgportotion of linop
ringo Lo acecnpliched by the uso of a cmall, olecctrically powored
rachino which runs om a tracke %his same machime Lo uood to haul

cueliddng earts bach to the tunnol contronces

W
N
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Tho conerete linor rings ccoprice tho fiaal stracture,
thus eliminating the need for a tomporary lincr or for the forms and
bracing which weuld be nocospory if the a%racture were €0 bo of
nenclithic concrete. lop tunmeling in carth whlsh is not colf ocup=-
poerting, it is claiced that a shield con be jached ahoad in tho cope
vontional nanner, to provide workor protection during exrcavatlion and
ring erection.

The literaturs ciltes threo cacocs in Ganada vhore thio
rethod of tunnel osver conctruction hac boen applied. In cno of thoco
sacesy a soetion of "3beinchesquivalent cewer” was 2,300 feot lonps 4t
4o acsuzmed that the capacity or croccesectional arca of tho ellintical
cower was eqgual to that of a 36=dnch cirenlar pipe. Uith canual
excavaticn, a 3S0eincheequivalent elliptical hole, wilh tho rajor axis
of the ellipce vertical, would be core easily tucnsied tham a I0Geinch
¢ircular hole bocause in the eliintical tummel, tho workors coudd

oporate im a worve upricht pecition.

Hele Jocating

Additional inforantion vas roquocted fron, and suppliocd by,
Hre Cteven Guracich of Operry~Gum Uoll Jurveying Connany on thoir
pipe-1ine curveving inctrument. The infornaticr reported proviously
zentionod a 10-ineh pipo ac thoe enallect-gice pipe curvoyeds. Yo lcarn
dofinitely the ninicun sive of pipe that ceuld bo ourveyed was the
prinary roason for rocueating furthor inferiation.

Operry=Sun hos done no pinow-line curveys for como onblRCe

I seeno thot thore woe a defigite nood for an inotrument conllor Shan

Q\
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the nole uced proviously im 14 to 30-inch pipe. They altempted to
provido a coallor Gnctrument by ucing a smaller gyroccopes The
goeller gyroccone, however, did not provide directional infornntion
ef pufficient acccuracy, and, as a rcecult, the pipe-line surveying
gorvice vias shelved by this orpanization.

The exicting mole will entor a piie with a ninirum diae
motor of about 10 inches. The ninimun diameter of pipe that can be
curveyed, they estimate, is in the order of 14 inchesy the wolo is
approxinately 6 foet long and the oporators desire anple clearance
to aspure that the unit will traverce bends irn the pipre.

On two occasions, Operry-Sun found it necegcavy €O ube an
olectrically powored crawler to pronel the nole through g pipe iine.
fNoth tices the crawleor was supplicd hy Industrial Oxray of Touoton,
Poxass Ouch a ocravler could conceivably be a psuitable ncans for
ranaing a eurveying imstrucent into a horigontal hele io Che casthie

Tho ourveying mole 4o not a carketed dtems lowover, Sperrye
Jun ﬁa the paot hao provided quotations for leacing the unit.
tre Curasich wae umable to cstimale the currcnt position eof Jperry«lun
with rogard Co lcasing or celling ome of the devices.

It wao intorcoting to noto a method and device prorceced 4t a
ga&ant(a7) for trangnitting erientation informaticon from a Cownehole
wedre or vhipotock to ground surface, The laventors clalo that the
doevice will sizmal o the drill opcrators when a whipstece:: or similar

tool 1o facing the dopired directlon, after the whinoteel: hao boen

ot
N\
VRSN VRS
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lowofed to the propor depthe It ip furthor claimed that the dovice
san aleo be nade to Lndicato the inelination of the bore holo ot the
lesation of tho whipotooks

The oignal transpittce of thic unit fe o batterys=sovered
eloctronla device which io onelosed in the whipstocke It ic cladned
that the cirsnale are conducted along the rill otring, thus olicinate
ing the nced for wires and also preeluding tho lcps of the glals to
¢ho corroundingc carth, Cuch a cevice weuld not hnve to Do withdrawn
fron tho hele priocr te coatlauod deilling.

The oricutetion method Goscribed by the imventors 1o fop
ctatic pocitiominge Although it has no imeediate epplisation to the
probles of Tagl Orler live Qy the idea aight havo corcilopablo value

to the dovolopmont of suitable toole and uethods.

sircctional Control

As vas centioned cariier o this rejort under “Joricental
Notary Drilling®, the Saliforaia Deportzent of Highuaye hoo Zcund
that they can omorcise cone contpol cver the vortical deviation of
thedir opoeial horisental Ordliding rig. This coatrol is provided by
tho drild oporators and Lo a roflcction of the rate ut gudel the dpdldld
1o pushed longitudinally into the carth. Tae oporators have fceund
that a high feod pato cauccos the Arill to deviate uprard, and a dow
food prate chuces downuard deviations Hevover, only on individual
operator®e porsgnal “feel of a particular situaticn can Coldl him

Fhethor the foed rate 4o hich or low.

SN T N
T
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(23) has been notod

A vory istercoting ragasine article
that Goceribos a propecod method of drilling long horizontal holos
ip the carthe The artlicle is about ILeo DRanrey, a eolozict and onew
tire emglnoor 4nm the petroleunm inductry, and tho sace nan wio founded
Ranney Lothod Uater Supplies, Ine. Rannoy envigioned a cethod of
drdiling long, coatrolledwdiroction, horigzontal holes, an objective
having a rooarkeble einilarity to the intercsts of Tash Crder Loe T
ic preneccd nethod appears to be a horizoutal applicotion of tho olle
well drillectring technique. The article was published in 1947, and ve
have no informaticn ao to whother Nauney over tried the rethed ox
socured any patent nrotection for it. The article was locatcd cubw
coquent to cur pateoant coarche

Tanney proposod to take advantage of the facts that, vaen
drill ntring ic uscd, the drill bit ig lorger im diancéor than the
otring, and thot a rolatively long soeticn of Arlll string io hooavy
and semowhat flozible. Ho guocced that the norcal tendeucy for the
Ardll otring to cag to the bottes of a horizontal hole would cause
tho 4rill bit on tho end to $ip upward and tderefore drill at an
uprard inclinatiom. Por straight drilling, ke propoced the use of a
length of collar, almoct as large im diametor as the LAt and lccated
4cmediatoly behiad the bit, to stiffonm the ctring and overcene the
effect of drillestring cage %o ineclino the (rill Cowavard, he ine
gended to use two caord collars, one located cloce to ths bt and the
other a fou feet farthor back. %he sanging of the drill string
loeated rearward to the gocond gollar wap supscced to cauco §ic cection

of string betugen the ¢ollars fo bow upuaprd; thus, tho LLL wewld e

ol
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inclinod downvarde Horisontal gontrol wae to be acsonpliched Ly
serme kind of a cravior located adjaceat to tho drdldl big, Dut Che
article did not decoribe this dovice.

0f cource, tho Ranney cethod of horisontal Jrdlling lo of
1ittle value to Tashk Ordor lio. 2 at preconts The coinedlonce of cbe
joetivos, though, and the fost thnt Danney was excoricneced in varicus

fdnds of woll drilling nake the method notoworthy.

fiole Lining

Tho additicnal inforratior obtained pointo out thaot an ol
er pac well is caced for ite €ull depth unen ceunletion of the Opllle
ing pr@cees(ag). The cacing makes the bore hole a pernanent Lole for
the production of o4l or pas. It is the method of caeing a deep well
that is conoiderod pertinent to the Tadhk Grder lio, Q problem.

Apparently, it is custenary, or at leasct cozzoen practice,
to drill a deep woll in a stepped nanner, 1.0., the deginning portion
of a boro hole ic nade large in dlametor as ccmgared to the anticinated
final diamctor of the hole which will entor the oll cr gaceboaring
fernation. How doep the hole of larsost diazeter is drilled is
deteriined by a nunber eof foctors, one of which s how far casing of
anproprinto sizo can bYe drivene. vBayonﬁ thie de~th, the Lore hole is
coallor in diamoter, and casing for tlls portion can pacs throush the
casing alrcady driven. This proccdure car be repeated as rany tices

ap nay be neccesgeary either to facilitato further drilling or to come

ploto the woll for proeduction.

N
Yo
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e havo proviously rcported indicationsc thut pipe can be
pushod horizontally throush carth for a diotance of enly a fow
hundred feot. The “step® procedure, thenr, @i ht woll provide (he
neans of lining with steel a horizontal hole 2,400 feot longe In
the applicaiion of this tochnigue, a limer of cach siro would eztend
fros tho hole esntrance into the carth, but would bo im direct comtact
with the carth only for the dictance of the few hundred feot throuvgh
whieh 4t could De Jacked.

Another sugrestion con bo talien fron deepecoll drdlling
practice using drilling pud. It wos diccussced briefly, in tho lact
revort, how drilling mud can procuce the offect of a liror dy
plastering loose Déﬁerials together. Hewover, it seenc thot the
effoct of drilling nmd gocs beyond this, particularly in deep holes.
The hich hydaroctatic proscure created by the coluun of cud 4o often
the peanc of provomting lowoer pertions of the hole fron caviag b,
or of proventing vater or gac from eatering the hole. It 40 cone
goivadle that the cane bonofits eould be realized 4in a horigonial
boro by oubstituting punp pressurc for coluznar presoure. This
weuld reoquire a stuffing box of come lind around the drild string at
the holc antrance. sending uposw the ultimate uoco of the hole,
sueh a proccurized bore wight not havo to bo 2imeds UVor oxanple, 18
the inteanded uvoe vore for the inctallution of an imotruccnt ab the
end of tho holo with eonmecting virce cadin: bacl ¢ the hole
entrance, isctallation could eccur icrediatoly after Grilling. dhe

inotrurent could cunceivably be placed on the end of the driil oteing

\\\ S )
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and pushed through the mud iato the dosired position. Under thoce
conditions, the inctrumont, drill otring, and mud could all renain

in placoee.

FoTenT UK

The completion of the reccarch hereln reported tercinates
our coarch for new inforration. Tuture worll on Taslk Order 0. O

will cornsist of an over-all evaluntion of the available inforontican

and the preparotion of a susnary reports

The orisinal appropriation on this Tachk Order was 354300,
As of Noveuber 1, 1057, the uncxpended balance wao apsrovimatoly

3145704

finceroly,

~

25X1

ARJinjo

Ir

25X1

o . .
Sanitized Copy Approved for Release 2011/06/28 : CIA-RDP78-03642A002400070001-7



Sanitized Copy Approved for Release 201 1 /06/28 : CIA-RDP78-03642A002400070001-7

NN Lo
SRR A=
«lGw Deconbor 3, 1997
DIBALICGADHY *

25, DBogdanowcid, John, “Boring Beats Trenching for UG Gonstruction

in Comgosted Arcas”, Dlectric licht and Power, 33, 15Ca140 ¢

(@ctmber 15, 195?).
26, "“Ifunnel Jever Conctruction Facilitated by Special Pipe®,

tunicinal Utilitles lozazine, 93, 29 + (June, 1957).

27. Godle, D¢ Ue, and Jackson, Gey “flethods of and Avparatuo for
Transaitting Intoilisence to the Surface From well Jores®,
Ue Se Patent 2,492,754 (Decezher 27, 1549). Acoigned to
Tactoan 0il Vell Curvey Companye.

20, "oricontol Drilling®, Fortunc, 36, 96-101 (Septewmber, 204%7)e

29. “Coppleting tho Gas/Cil Tell", American Gag Journald, 30

3w (Auguct, 1957).

sThe peforence nuzbdoers in this repart_follew those of tho lact report
(Gated QOctobor 30, 1757) concacutivelye

O T
Wby
\} i ; [N
€9 R U A T IR

Sanitized Copy Approved for Release 2011/06/28 : CIA-RDP78-03642A002400070001-7



" Sanitized Copy Approved for Release 2011/06/28 : CMT-F{DP78-03642A002460070001-7_

SEEHE

({\ L 25X1
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Dear Sir:

Task Order No. Q

Enclosed are duplicate copies of four more articles that
are of general interest in connection with the activity under this
Task Order.
Sincerely,
A
25X1

ABW:mjc
In Duplicate

Enclosures (4, in duplicate)

LJ—

SERBET
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October 10, 1957

Dear Sir:
Task Order No. Q

Enclosed are duplicate copies of seven more articles, and of
the 1956 and 1957 special issues of a pertinent journsl, that are of

general interest in connection with the activity under this Task Order.

Sincerely, i

25X1

ABW:dp
In Duplicate

Enclosures (9, in dupl)

SEGRET
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25X1
September 25, 1957
Dear Sir:
Tagk Order No, Q
Enclosed are duplicate copies of three more articles from the
literature that are of general interest in connection with the activity
under this Task Order,
~ Sincerely, y,
25X1

ABW:dp
In Duplicate

Enclosures (3, in dupl)

SELRET
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September 20, 1957

Dear Sir:
Task Order No, Q

Enclosed are duplicate copies of 12 articles from the litera-
ture and one advertisement, These items, and particularly the passages
underlined in red, are of general interest in comnection with the activi-
ty under this Task Order.

As the activity on this project progresses, we shall continue
to pass on to you items of at least general interest with regard to the
over=-all objective,

Sincerely,

ABW:dp

Enclosures (13) \.&l 1

In Duplicate (/

SELRET
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How important is this method of increasing well production?

" — A discussion of équfpmenf development and the resulls

The question, “How important is
lateral drain hole drilling?” has been
asked by oil men throughout the world.
They also are interested in how suc-
cessful it has been. To say that it is
always the answer to increased produc-
tion would be a fallacy. It has, how-
ever, in many instances been a method
of getting oil from dry or nearly dry
wells. It has also increased production.
Lateral drain holes can be drilled out
30 10 100 ft from the main bore into
the hitherto untapped) oil sands, so

Y . that they may drain and channel the

oil back into the bore. .
Until recently, imperfections in the

design of the necessary drilling tools,

and the failure of anyone to assemble

“all the case histories of experiments
‘with drain holes led to considerable

skepticism in the oil industry about
their value.

This first in a series of articles has
for the first time assembled all the
known data on the drilling of lateral
drain holes.

DEVELOPMENT of equipment and
techniques for studying producing res-
ervoirs show much more oil is left in
the productive sand than is extracted
by ordinary mecthods of recovery.
Since many of the stripper fields were
drilled , when recovery methods were
not as well perfected, new techniques

arc being tricd cxperimentally to in- -

crease ultimate recovery. Undoubtedly
many wasteful mcthods were used in
primary recovery before production
methods had advanced to the present
state and developnient has not yet
reached its peak. Probably we will look
back to this time as one of inefficiency
due mainly to lack of knowledge and

“tools to perfect better methods.

Lifting costs give impetus to the in-
vestigation of means for producing

more of the oil contained in the reser-

voirs. As wells become older, the pro-
duction rate declines and the unit cost
of recovering each barrel becomes
greater,  Production cquipment  fails
more frequently and, inflation has in-

H. JOHN EASTMAN

. The Author

H. John Eostmon is founder ond
president of the Eastman Oil Well Sur-
. " vey Company, a
specialized serv-
“ice company for
directional drill-
ing and oil well
. surveying in the
oil industry. He
has written
many articles on
directional drill-
4 ing and oil well
‘{ “surveying and is
% considered an
authority in the indusiry. Easiman's
early days in the oil industry were spent
as production superintendent for Mag-
nolia Petroleum Company in Oklohoma.
Later he was a sc'esman for Standard
Oil of California. The company bearing
his name was founded in 1930 in Long
Beach, California. Today it is known
throughout the industry as the pioneer
in its field. The firm operates 26 offices -
in the United States, 5 in Canada, and
1 in Germany,

creased the cost of all remedial work
without a proportional increase in the

price of oil. Large quantities of water, .

lifted with the oil in older wells, are ex-
pensive to handle and contribute noth-
ing to the operators income.

Much research and experimental
work is being done at the present time
to evolve new methods of secondary
or even tertiary recovery. Gas repres-
suring and water flooding have been
in successful use for years, recovering
in many cases more oil than wos
drained from the reservoir originally.

. Accounts have appeared on experi-

ments on burning a portion of the oil
in place at the bottom of the well.
By cgntrolling this combustion proc-

. ess, the application of heat to the reser-

voir increases oil mobility by decreas-
ing the viscosity of low gravity oils.
Hydraualic fracturing has proved a
great stimulant to further production
in wells bottomed in certain types of
reservoirs. Most of these new methods

1HE PETROLEUM ENGINEER, November, 1954

of recovering a greater percentage of
the oil in place are confined in their
applications. In most cases the payout
of these systems is over the years and
not in a few months of incredsed pro-
duction. Few wells can be expected to
attain the flush production they yielded
originally. ) :

One production

lateral holes within the oil sand out
from the main bore. Lateral drain hole

. drilling is not to be confuscd with di-

rectional drilling which consists of de-
flecting the main bore of the well to
bottom at a predetermined point gen-
crally. at_some distance from the sur-
face location.

It has been deplored by many engi-
neers that thousands of feet of hole is
dug, cased, and maintained for years
in order to produce from a relatively
few feet of oil sand exposed at the
bottom of the well. If this vital sur-
face of contact with the pay forma-
tion could be increased, it was rea-
soned that the well should be more
productive. Many attempts have been
made to do this over the years.

Mining for petroleum, especially
where gas depleted pay sands existed
at shallow depths, has been practiced
for centuries in some parts of the
world. One of the first instances of oil
mining in the United States occurred
in 1865, when the New York Enter-
prise and Mining Company sunk a
165-ft shaft to an oil gand in Warren
County, Pennsylvania.

Oil mining in Germany is being
used as a successful secondary recov-
ery method in several shallow ficlds,
At Wietze, oil mines have yiclded
5,000,000 bbl of oil in the Jast 32
years, more than the 480 wells drilled
into the same sand produced in 80
years. The reservoir is made up of
loose, dry oil sands, sandstones and
limey sandstones from 210 to 240 ft
thick. It is cstimated that mining will
yield 26.5 per cent of the oil content
of the sand ultimately. Present pro-
duction of the Wietze nune is about
400 bbl per day.

B-57

) aid to »depleted.
wells has consisted of drilling short
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Segments of Lee’s angular drilling tool asseinbled and bent to maximum curvature. Lug on side engaged groove in deflector to pre-

serve initial oricntation.

At Pechelbronn the oil bearing sands
and sandstones occur in lenses from
7 to 10 ft in thickness. About 6,250,-
000 bbl of oil have been recovered
by mining processes in this field. Daily
oil production of the Pechelbronn
mine is 530 jbl of oil at present.

Mining_is classified as direct or in-

system “tunnels
are driven into the reservou‘ itself to
make the rock yield by free seepage.
The_indirect method of mining con-
sists of “driving tunnels in the beds over-

“lying’ or underlying the reservoir it-

self. From there the reservoir is tapped
by underground shafts or subsurface

~wells.

Oil mining ventures indicate that a
greater exposure of productive sand in
any well is desirable and that much oil
otherwise unrecoverable is produced.

A review of old patents concerned
with the idea of exposing more oil
sand in a well is revealing. A United
States patent was granted to J. L.
Addison in 1891 on a “Greove Cut-
ting Machine for Oil or Ga. Wells.”
The object of this intervention was to
“renew or increase the flow by open-
ing fresh fissures, channels or cavities.”

Bernard Granville of New York ap-
plied for patent coverage on a drilling
apparatus in 1919 for drilling hori-
zontal holes extending out from a main
bore. Granville hoped to reach sources
of oil and gas “within a radius of sev-
eral hundred feet” by drilling laterals
with his apparatus.

In 1929 and 1930 Granville re-
ceived patent protection on two types
of heavy duty flexible drive shafts
which obviously were invented to drill
lateral drain holes when used with the
casing and elbow assembly.

Between 1922 and 1931 four other

" patents were granted on apparatus de-

signed to drill lateral holes. All of
these seem to be somewhat impracti-
cal in the mechanisms used for drilling.
Probably they all failed because the
equipment was not designed with suf-
ficient strength to drill laterals success-
fully. )

Prior to 1929 a number of experi-
ments were made on the movement of
oil through media by the Bureau of

B-58

Mines. Models of different types of
reservoirs were constructed and the oil
was extracted from them by conven-
tional methods. These studies were
made at Bartlesville, Oklahoma, and
Oii City, Pennsylvania, where they
could be observed by reservoir engi-
neers.

One of the observers of these tests
was Robert E. Lee of Coleman, Texas,
who left the experiments convinced
that ultimate production could be in-
creased by forming channels in the oil
sand itself. He had seen the.effect of
explosives and reasoned that some
practical mechanical device could be
invented that would bore auxiliary
channels out from the well bottom.
Lee’s original idea was to use an air
actuated bit of the percussion type for
cuttmg lateral holes. This apparatus
“was _designed and operated experi-
mentally and an application for a pat-
ent was filed in 1930. Trials proved,
however, that a rotary bit would give
much better results, so Lee re-

designed and constructed. 1mpl;oved ’

equipment.

This rotary mechanism was con-
structed and used to drill lateral holes
in a number of wells in Texas fields.
The assembly consisted of four main
parts — a deflector section for forcing
the bit to drill in a certain desired di-
rection, an air driven bit and reamer
for drilling the lateral, a set of drilling
segments directly above the bit which
. flexed in one direction only and locked
at the limit of bend and a similar set
of non-locking segments run above the
locking sections and connecting with
the conventional drill stem.

This equipment was successfully
used to drill the first truly lateral holes

“TA_1929 at_Texon, Texas, for the Big
Take Oil C Company. Two 54 -in lateral
holes were drilled out 23 to 24 ft hori-
zonta"y from™ the original well bottom

in_the St. Andrews lime at depth of
ameOO ft. Before the laterals were

drilled the well was producing about
one and one-half barrels of oil per day
from. the depleted lime reservoir. For
the next 10 days after the drain holes
were drilled, the well produced- at the
rate of 60 bbl of oil per day. Subse-

Jal or above, m

~

quent production figures are not avail-
ablc but the well was abandoned 4
years later.

Lee, wishing to verify that the lat-
erals were actually drilling to horizon-
made the first survey of
a drain hole in 1931. He used a set of
acid bottles in short segmented barrels
and, from thesc drift records, estab-
lished. that the bit was forced to drill
horizontally on a very shert radins. In
fact, one hole 70 ft in length turned
upward to form a “U”.

Some_time in.1939 Lee started 10
redesngn his “angular drilling tool to
Overcome the disadvantages proved b)
experience in drilling with an air
motor. The subsurface air exhaust had
proved impractical and no simple solu-
tion for surfacing the air had been
found. The removal of cuttings was
complicated by fluid, also the usc of
air and large compressors was costly
and dangerous. The main new feature
of the tool was that the bit was driven

by Totating the drill pipe at the surface -

in the usual manner of conventional

drilling. Drilling fluid served to lubri-

cate and cool the bearings on the drive
shaft and universal joints, as well as

to remove the cuttings from the lateral .

hole. As the bit was free to move Jongi-
tudinally in its bearing, it was forced
ahead by the pressure of the circulat-
ing fluid also. .

This improved angulal drilling
equipment was first tested on the Stone-
Willis well in Brown County, Texas.
This well was producing 60 bbl of salt
water, having been drilled 10 years
previously. It was used as a test only,
since there was no possibility of get-
ting further oil production. Three 25-ft
lateral holes were drilled at a depth of
2600 ft. Water was employed as a cir-
culating fluid with drilling done' with
500 psi pump pressure. The The 5V -in, bit
was run with a weight of 400 1b per in.
of diameter or about one ton total
weight. Production of salt water was
increased from 60 bbl per day to 400
bbl per day after the lateral holes had
been completed. The new type drilling
equipment operated much better than
when the air motor had been used.
Some trouble was experienced with the

THE PETROLEUM ENGINEER, November, 1954
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Parts of drilling section of Lee’s second angular tool. Flexible
segments are same as the first tool design. A. Bottom flexible sec-
tion assemblcd. B. Flexible joints. C. Thread for drilling bits. D.
Inner sections of flexible segments assembled to show amount of
bend. E. Universal joint. F. Splined drive shaft. G. Split bearing

sand in the circulating water cutting
the bearings in which the segmented
drive shaft ran. The tool worked very
satisfactorily, however, and in this test
increased the flow of salt water almost
7 times by drilling only 3 short laterals.

A depleted well in Coleman County,
Texas, which made .20 bbl of oil per
day was drilled with 2 laterals in the
lime reservoir, one 3 ft and the other
16 ft in length. Water was used as a

‘d.'ul.nting medium for drilling the

terals, No i increase in production oc-
cuered,

It was considered that the use of
vater prevented maximum benefits

from the drilling of drain holés. The -
decision was made that in all future

angular drilling, oil would be circu-
lated to prevent contamination of the
reservoirs. Oil also would serve as a
lubricant for the moving parts of the
drilling tool.

In 1935 and 1936 a number of wells
were worked over with the angular
drilling equipment in Shackelford
County, Texas, using 30-deg gravity
oil for a circulating medium. Most
of the wells chosen for this type of
workover were strippers yiclding from
5 to 6 bbl of oil per day. Four old
wells were reworked by drilling from
4 to 6 drain holes in the producing
zone of cach well. Short Jaterals that
cxtended from 12 to 15 ft horizontally
from the main bore were drilled in
different dircctions like the spokes of

a wheel. Production was increased
from 5 bbl of oil to 20 bbl on the aver-
age.

Lee presented a novel method of re-
pressuring and flowing wells by utiliz-
ing two sets of lateral drain holes
spaced one above the other and the
patent on this method was granted in
1931. He proposed to drill a number
of laterals on two separate levels in
the oil -reservoir. A perforated liner
would be run to a point opposite the
lower set of drain holes with a packer
set below the upper set of laterals. A
repressuring medium would be
pumped down the annulus between the
casing and the liner and out into the
upper horizontal holes in the sand to
force the oil downward to the lower
set of drain holes which would te pro-
duced. He also suggests that the re-
pressuring gas to be superheated to re-
duce the viscosity of the oil and to
dissolve viscous matter such as paraffin
and asphaltum. None of the many an-
gular holes he drilled were ever lined,
however, nor was this novel method of
repressuring used. .

In 1941 Leo Ranney described a
method_for _drilling horizontal holes
within the oil sand for additional re-
covery from a depleted sandstone near
McConnelsville, Ohio. A_shaft was
sunk_to_the depth of. the oil s sand and
a_drilling chamber of sufficient size to
accommodate the  drilling equipment
and _crews excavated. Six horizontal

THE PETROLEUM ENCINEER, November, 1954
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‘for drive shaft. H. Universal joint assembly. J. Socket flattened
to fit recess in ball at an angle to limit amount of bend. K. Hollow
inner flexible segments, L. Ball with recess for sockel. Two sides-
are flat and parallel.

holes were drilled from this chamber
‘out into the oil Zone. The 3-in. diam-
cter_laterals were drilled in ‘opposite
pairs. A red_pulling machine pulled
the drill rods from one hole and ran
them into a hole being drilled in the
exact opposite direction. Thus drilling
time was reduced since it was unnec-
essary to disconnect the rods. This drill

pipe was run in and out at the Tate of
100 ft per minute wherever it was nec-
essary to change bits. With a crew of
2 men on the drilling machine, an
average of 55 ft of hole was dug in a
7-hour shift. The holes were surveyed
with acid bottles every 50 ft to be sure
that they had not varied from the pre-
determined course. Over a mile and a
half of laterals were gug in this way
at an estimated drilling cost of 90
cents per foot. One hundred feet of
light casing was grouted into the
mouth of each horizontal hole after
which each lateral was shot with nitro-
glycerin to break up the formation.
Ranney claimed that the shooting of
these borcs was more successful than
shooting of vertical wells as the forma-
tion was broken parallel to the bedding
plane of the sand. Since in onc instance
it was found that the 250 ft of earth
over the hole had lifted 1V4-in. it was
concluded the explosive shock had
shattered the beds verticully as well as
horizontally. The first horizontal hole
flowed by gravity. producing § bbl of
oil per dayv in spitc of a saturation of
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Sectional vicW of Ranney horizontal drilling chamber showing vertical shaft and hori-

zontal holes radiating out into structure.

only 15 per cent, No serious difficulties

were encountered in drilling any of
these holes, in fact the drill rods never
were stuck.

Tn May, 1942, a program of drilling
horizontal holes from a shaft was be-
gun in_the Franklin Heavy field,
Venango County, Pennsylvania. This
reservoir had been produced by wells
drilled between 1859 and 1861. Initial
production of these wells ranged from
1 to 35 bbl per day. At the time of
driliing the horizontal holes, the 20
wells on the 400-acre tract were pro- ~
ducing 0.40 bbl of oil and 18 bbl of
water per well per day.

A location was chosen near the cen-
ter of the tract and a_shaft was sunk
to 388 ft. The concrete ¢ lined 8 ft diam-
ctcr shaft was_provided with a_27 ft

Tined working chamber at the bottom.

From this chamber horizontal holes

B-62

were _dnlled through ports in the walls.
The first 100 ft of each hole drilled

was 5-in. diameter and was lined with
315 wrought iron casing with cement
grouted in the annular space between

the formation and the casing. Three-

inch diameter hole was drilled “there-

‘after. Two holes were drilled initially,

‘oae 2255 and tlie other 2334 ft. The.

drilling rate averaged 22 ft of hole per
shift. Most of the distance was cored
and an ac1d bottle survey run_at 100
ft intervals and the holes kept at an
upward inclination of about 1 in. in
10 ft. |

Both drill holes were loaded with

80 per cent high velocity gelatin dyna- -

mite to within 400 ft of the shaft wall.
In all 10,600 lIb of explosive was
loaded into the holes and detonated.
The holes were cleaned out for their
complete length by use of a perfor-

THE PETROLEUM ENGINEER, November, 1954

ated pipe and reverse circulation of
water. Roek fragments were flushed
into the tool and were removed. Part
of one hole was redrilled with u fish-
tail bit to remove a bridged section.
Due to_excessive costs of drilling
the Birst 2 holes, the orfginal plin for
drilling 24 long horizontal holes
radially from the shalt to drain oil
from the whole -00-ucre Jense was
abandoned. Ultimately, four 1000 ft
laterals and Tour 600 (1 horizontal
Toles were drilled. The first 2 long
holes produced by gravity and 1 month
after the drilling was completed, total
production from the holes was 20 bbl
of oil per day. This was considerably
more oil than the 20 conventional wells
yielded and their production was not
. affected. Later 15 points of vacuum was
applicd to the horizontal wells which
increased production considerably. In
September, 1944, the vacuum was in-
creased to 21 points and it was re-
ported that 126 times as much oil pe
acre day was extracted from the san
as the vertical wells had yielded iu
1940. In March, 1945, the horizontal
bores still were producing 20 bbl of oil
per day and 80 bbl of water. In 1948
it was reported that the 2 longer holes
had plugged and were no longer pro-
ducing. Ten barrels of oil per day was
the total yield of the shorter laterals.
While Ranney was drilling horizon-
tal wells from shafts another inventor
became interested in drilling laterals.

Zublin curved pipe with turbine bit,
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Differént types of cuts to make drill pipe flexible. A. Spiral cut
used on Zublin’s flexible drill pipe. B. Keystone or dovetailed cut
used on Eastman flexible drill pipe. Note (iiat center of lobes ig

staggered 30 deg between each cut to prevent pounding of pipe

John_Zublin, inventor of a novel type
of rotary bit, turned his attention to

. the prob]em of digging laterals from

the main bore of an ordinary well.
‘Zublin’s first patent application was
filed in December, 1941, on a tool to
drill laterally from the main bore into
the productive zone. It consisted es-
sentially of three different pieces of
‘heavy drilling equipment. Two. types,
of flexible drill pipe and a fluid-oper-
ated turbime motor with a special bit
were designed to dig the lateral holes.
It was not planned to rotate the pipe.
It was to act as a guide for forcing the
bit to penetrate out of the main hole
and was made flexible so it could fol-
low the curved course of the bit. A
number of sections of the best grade
of drill pipe availuble were given the
clasticity and resiliency of spring steel
by special heat treatment. A contin-
uous spiral slot was torch cut through
the wall of the drill pipe over its entire
length except for a 15 in. section at

. each tool joint end. This made the pipe

flexible so that it could be run into a

‘curved hole, but it would return to its

normally straight form when not forc-
ibly bent. Each section. was lined with
high pressure hose which was riveted
at the ends of the flexible pipe to con-
duct fluid without leakage. One spe-
cial curved type section was manufac-
tured. It was similar to the flexible
sections except that it first was bent
to a definite radius of curvature and
heat treated to retain its curved form.

' The turbine motor and bit assembly
. waj as short as possible (20 in. length)

and was att«u.hed to the bottom of the

curved pipe for drilling,

. B-64

This equipment was used in the fol-
lowing manner. As many lengths of
straight flexible pipe as was needed to
drill the length hole desired was made
up on the conventional drill pipe or
tubing to be used in laterally drilling
the well. The single section of curved
resilient pipc was made up on the bot-
tom of the flexible pipe and the turbine
bit was screwed onto the bottom of
the curved pipe. This drilling assem-
bly was lowered to the open hole and
the tool was turned to face the bit in
the direction in which it was desired
to dig the drain-hole. Drilling mud of
high - viscosity was pumped down
through the drill pipe into the turbine
motor which rotated the bit.

As ‘the curved pipe tended to re-
sume the curvature to which it was
bent and- heat treated initially it
pressed the bit against the side. of the
main bore with considerable force. As

the bit rotated, it cut a side pocket -

in the vertical bore and gradually dug
a lateral outward and downward from
the original hole. As the bit dug the
pipe was lowered to crowd the bit. The
inherent resiliance of the curve pipe
made the angle in the lateral increase
due to side pressure on the bit. The
flexible drill pipe and curved pipe
were not rotated; they' merely con-
ducted the fluid to the turbine. The
curved pipe forced the bit to bite into
the wall of the original hole and the
flexible sections followed the pipe into
the curved lateral as dnlhng pro-
ceeded.

Zublin's’ equipment was the first
which did not employ a whipstock to
deflect the new hole away from the

when rotaﬁng. D. Experimental type cut for maximun flexibi}. .
E. Four lqbe type cut used on Qil Well Drain Hole Drilhing ..
pany’s flexible drill pipe.

main bore. If it was desired to drill a
straight section beyond "the curved
lateral hole, the assembly was with-
drawn from the hole and the curved
pipe removed. Drilling was resumed
with the bit on the flexible pipe. Zub-

lin’s second patent covered a simple’

mechanism for forcing the bit to enter
the mouth of a lateral already partially
drilled.

Considerable difficulty was expe-
rienced in straightening the resilient

curved pipe enough so that it could be L

run down through the casing and into
the open hole. This objection was over-~

come by straightening the curved sec- 1
tion in a clamping device before it was .. v}’

run into the hole. As it was held in
this position a stiff cylindrical mandrel
was inserted into the curved pipe
which reduced.its curvature. After the -
assembly was run to the desired depth -
in the well, an overshot lowered inside :

the pipe on a sandline retrieved the oy

mandrel. The resilient, pipe then as- ..

sumed its curved shape, pressing the
bit against the side of the hole to start
the lateral.

Drilling was done with very llght ,

mud or clear water. About 300 to 400 :
gal of fluid per minute wus delivered
to the bit with a slush pump under 600
to’ 700 Ib pressure. Weight carried on-
the bit was very low; never over 3000 -
Ib. An efficient mud screen shaker was -
needed to remove all abrasive sand’™
from the fluid to minimize wear on
the turbine bit,

This equipment was tried experx—

mentally on two wells in the Midway-~ ', ]

Sunset field in California’s San Joaquin

Valley. Oil zones between 1100 and’
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wits shut down as the daily production
had declined to 1 bbl of 12 to 14 deg
gravity crude per day. Seventcen years
fater, in 1945, the well was sidetracked
and 8 drain holes were drilled in the
uil zone below the 1212-in. casing.
FFour hundred twenty-one feet ol lat-
crals were drilled cach one averaging
§3 ft in length. Light weight mud was
circulated 1o opersie the turbine bit
and wash the cuttings from the hole.
Pump pressures varied between 100
and 6C0 Ih. The speed of drilling va-
ried considerably but it averaged about
1 ft per minute. Aller the drain boles

K
i

were completed the fluid level stood
300 ft off bottom., Daily production
increased from 3 bbl immediately after
drilling to 25 bbl per day, a month and
a half after the workover. Production
of sand dropped from 35 per cent to 8
per cent during this same period. It
is reported that the well produced 20
bbl of oil per day for -a number of
years.

The same tools drilled a total of 458

ft of laterals ‘at depths from 1650 to
1680 ft in a well in the Round Moun-

* tain field in Kern County, California, in

July 1946. The well bottomed in an
80 ft thickness of oil sand at a depth
of 1720 ft. All of the 9 laterals were
drilled below the 8%-in. casing in
open hole and were oriented with 2
holes in each quadrant. Three of the
holes were drilled in a S 19 deg E di-
rection as one was very short. The
longer holes averaged 56 ft each. This
work was completed during a period
of 4 working days. The penetration
rate was about 30.ft per hour using
crude oil as a power fluid for driving
the hit.

guide.

“Recently Zublin has received cover-
age on the usc of his drill guide and
flexible drill pipe off a deflector to

. assist in starting the lateral hole in hard

formations.

Eastman lateral drilling equipment
incorporates some ideas derived from
experience gained in directional drill-
ing. A universal knuckle joint is used
to force the drilling equipment to in-
crease drift as its digs.

Two sizes of lateral drilling equip-
ment are available, The 434-in. lateral

THE PETROLEUM FNOIEER, November, 1954
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‘as the smaller tools are practically iden-
tical except for size.

The lateral drilling tools consist of
two separate assemblies; a whipstock
and protective casing assembly and a
drilling tool assembly.

The protective casing is S¥2-in. OD
17 1b casing in lengths with intcrnal
and external flush tool joints. The
amount of protective casing may be
varied according to the situation in the
individual well and the length lateral
it is proposed to drill. "the amount of
casing used always is Tonger than the
lateral to he drilled so that ihie flexible

R-67
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; In 1947 the helical slot cut in the .
pipe was redesigned to give it more ,
: strength since latérals were being i e
dritled in deeper wells. Expericnce had I
shown that the helically slotted flex- t
ible pipe with a smooth edged slot «e- S
] formed badly under excess weight, 1f L
S enough weight was applied, the upper f b
section expanded and telescoped over P
the next lower spiral section ruining : ‘ 5,
the pipe and causing the hose inside o
. . e e to burst. The new slot still followed a s
“Furbine bit starting to dig Jateral. Resili- spiral path around the pipe but was L
eney of the curved pipe forces bit to one cut in the shape of interlocking dove- ‘ %
side of hole. l:.ulcd tf:eth. Each tooth had straight . SR
sides diverging from its root and it Modern Zublin lateral drilling equipment. i
§500 ft depth were drilled with drain terminated in a straight edge parallel Flexible drive pipe. alfove with drill {zuidc ;‘
holes after windows had been cut.in to the hehcql path of the slot. Ths, below. Tricone bit is rola'ted I.)y inner ’.(f;:-
the liners at the correct depths. Curved when the pipe was comprcssc_-:d, the drive pipe, (not shown). Drill guide itself : g
. : . L § inter-meshing tecth prevented it from does not rotate normally. By its resiliency ; y
pipe bent to a 20 ft radius forced the faili : ! " all ! L
turbine bit out through the windows. ailing. ) it forces the hit to drill laterally uppwand, ]
Three drain holes were drilled in one .,‘S_,o_mchm'c in 1948 use of the tnrbine ; .
well in lengths from 52 to 72 ft. (l.’:!ft—}\f?—i‘}b""doacc‘ am,]‘ tl'w 1oqlskw;re‘ tools are designed to use a 4% -in. dia- ! 3
Sight drain holes were drilled in one redesigned so that ordinary rock bits 454 or rock bit cutting laterals from ! ¥
shaliow well i the Midway district  could be-used for drilling. The fluid 6 15 614-in. main bore. The 3%-in. ¢
which originalty was drilled and com- [)Lo;p%llcd _r?KI)lor’ agd;}l)nt_f‘\\:cygl ehml(; ‘tools are made to use a 3%-in. bit to i :
pleted in a conventional manner in "mef entire y,’ an ;c '('XI.'C an dig laterals from soxler main bores. ! ?
1918, It produced until 1928 when it~ Surved pipes were made o rotate 3 il - Only the 434-in. tools will be described ,
cone bit rather than to function as a : i
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B and W KON-KAVE

] DOW combis a cuved

. cross « section,  highest
quality  spring steel,

{4 drop forging, and lhc‘
Wroper  heat  treatment
ta relieve all stresses
created in forming and
welding B and W KON-
KAVE 80WS.

FIELD!

® Strongest — greatest
resistance to side thrust.

© Most resistance to
deformation . , .
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Eastman lateral drilling tools — top are 4 flexible collars run in above the whipstock
which allows the bit to deviate rapidly. Below is special whipstock which forces bit to
drill Luterally. Lower left are various lengths of 3%4 in. drill pipe used as tail pipe to
set whipsiock at any desired depth off bottom. Lower right are tricoune drilling bit,
knuckle joirt, and various subs. The anchor Lit used on bottem to prevent the whip-

stock assembly from turning also is shown.

drill collars are kept from keyseating
in the main hole. Often enough casing
is used so that it extends up into the
casing string set in the well thus safe-
guarding the well in event of a fishing
job. A shear pin’ casing nipple is
screwed into the top of the casing as-
sembly. The nipple is equipped with
a threaded hole and pad to uccept a
steel shear pin which screws through
the casing and into a shear pin sub in
the drilling tool assembly.
Made upon the bottom of the pro-
tective casing is the whipstock section
5V4-in. OD and about 10 ft long. The
tapered section of the whipstock face
is 3 ft 8in. long and is curved in radius
to cause the drilling bit to dig upward
and increase angle. The whipstock has
a triple purpose. It forces the bit to
increase angle at a uniform rate and
insures that the point of deviation from
the main bore is at the exact depth de-

sired as well as insuring that the bit’

starts in the right direction. No time
is wasted in forming a shoulder to start
the hole, since the bit is forced to dig
latcrally as soon as it is rotated and
wexg,ht is applied. Use of a whlpstock
insures that the lateral is started in the
correct direction.

The bottom.of the whipstock sec-
tion is equipped with a tool joint pin
to accommodate the box in a releasmg
sub run below it. The releasing sub is
xnlerpowd between the whipstock sec-
tion and the tail pipe as a safety fea-
ture. If the tools should become stuck
in the hole, the sub releases on a 15,000
Ib straight pull. Thus the whipstock
and protective casing can be with-
drawn from the hole and thé tallpxpe
fished if it becomes stuck. ‘The tail pxpe
consists of lengths of 3%4-in. drill pipe
with external flush tool joints. Tail
pipe sections vary from S to 30 ft in

- length so the whipstock can be set at

any distance off bottom desired. An
anchor bit is screwed on the bottom
of the tail pipe. Slots cut in the face

of this bit cut into the formation at
the bottom of the well and prevent the
assembly from turning after it is once
set. Circulation holes ‘provided in the
bit make it pcssible to circulate to bot-
tom if the tailpipe must be fished from
the well. The whipstock and protective
casing assembly serves to start the drill-
ing tools in the correct direction at a
uniform rate of increase in angle and
at the depth at which the lateral is
planned. It also encases the flexibic
dnlhng tools so they are protected 1.
the main bore as the bit digs the lateral.

B i o

(0) leraie’s
Egsien
[Easter

Subsidiary of ROZIIWELL MFG. [{-X
1592 W, 145th STREET
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Bultom the desirea Qis-

| e by the 4t pips, sad

' ff o ds prevented from colating
JY - by the auchus nit which is
: i spudded iato the formation.

‘ [0 'the flexible deill pipe is
‘g !', ‘ puided off the whipstock
o : face while the bit drills the
drain hole. A f{uapered

! knuckle joint is run sbove

the bit which causes the bit

to dig upward vapidly.
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The drilling tool assembly consists
of u shear pin spiral sub, a number of
flexible  dgill collars, a universal
knuckle joint, a short spiral reamer,
und a rock or diamond bit. The flex-
ible drifl collars are approximately 16
ft length sections, 4% -in. OD with a
2-in. internal bore. These flexible sec-
tions are made from standard drill col-
lars with 27%-in. API internal flush
ool joints. A special type of 3 lobe
clover leaf cut is made through the col-
lars on 9%-in. centers. Culs are made
with a torch and template which guides
the torch. The width of the cut is regu-
lated carefully to limit the flexibility
of {he pipe. A wide cut makes the pipe
very flexible; a narrow cut reduces the
radius on which the pipe may bend. In
cutting the clover leaf or three lobe
design the flame of the torch is pointed
at the center of the bore of the drill
collar at all times. Thus the outside of
the lobe is lurger than the inside. This
feature preveats inter-engaging sec-
tions from separating.

The lobe pattern is not spiraled
around the pipe but is formed perpen-
dicular to the long axis of the drill col-
lar. As each set of lobes are cut the
template is rotated 30 deg around the
pipe so lobes are not cut from the same
starting points. Being staggered at 30
deg intervals, every fourth joint cut is-

in alignment. Thus the pounding of the -

.

B-70

flexibie joints as they wic rotated in
drilling is eliminated. The drll collurs
are heal treated to redi e stress gfter
wee toreh cuts are made. Euch flexible
coflar is lined with a rubber twbe 10
carry fluid to the bit. The circulating
hose is 1000 Ib test Neopreng rubber
with couplings at each end. Provision
is made for the hose to slide us the
drill collars are flexed. Sliding seals
made tight with “0" rings prevent cir-
culation leaks. These connections have
been designed to facilitate the chang-
ing of hose at the rig in a minimum of
tme.

All of the flexible drill collars are
identical in construction. The number
of flexible drill collars used in the drill-
ing assembly varies with the length
lateral to be drilled. At least 10 ft more
flexible pipe should be used than later-
al length. The shear pin spiral sub is
made up between the flexible collars
and the ordinary drill pipe or tubing
used for drilling. The sub has a hole
drilled and tapped in its side to receive
the shear pin which is screwed through
the shear pin- casing nipple into it. A
set of spiral blades cut off the broken
end of the shear pin as the sub drills
by. A universal type kauckle joint is
run between the bottom of the flexible
drill collars and the digging bit. The
kanuckle joint transmits torque from
the flexible collars 1o the bit through
drive pins in a ball and socket joint.
A circulation hole is provided down
the center of the universal joint to

carry mud to the bit. The diameter of -

the knuckle joint reduces toward cen-
ler from both ends. The relation of the
greater and lesser diameters and the
length from the face of the bit to the
pivot point of the knuckle joint is quite
critical and varies the limit of the abil-
ity of the bit to dig upward.

When weight is applied to the as-
sembly the bit tends to cut out the
upper side of the hole making the drift
angle increase rapidly. Most drilling
setups are built to dig upward at the
rate of 2 deg increase per foot which
makes the lateral turn upward on a
30 ft radius. For most soft and me-
dium formations a tricone rock bit is
used. Whenever the formation is suit-
able, laterals are cut with a diamond
bit. In some cases a very short _spiral
reamer is run between the bit and the
knuckle joint which acts, as a fulcrum
as weight is applied to the drilling as-
sembly forcing the bit face to incline
upward. This: action causes the angle
to increase and the spiral ribs ream
the hole to gage reducing binding of

the flexible collars as the lateral deep-'

ens. The length and diametér of the
reamer is critical and must bear a rela-
tionship to the diameter of the knuckle
joint and bit.

The lateral drilling tools are used as

R IR P,
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Lastman drilling tools as they appear
when bit is in position to drill off whip-
stock and initinte Lateral hole are shown
at left. Bit and kauckle joini are guided by
whipstock Face which causes bit to dig in
the chosen direction. Right photo shows
position of lateral drilling tools after drain
hole is well started. Knockle joint above
bit is fully flexed to force bit to dig
upward.

follows: The whipstock section and re-
leasing sub are made up and the re-
quired amount of tail pipc (varying
with the bottom depth and the depth
at which a drain holc is to be drilled)
is screwed onto the sub. The anchor
bit is made up on the bottom of the tail
pipe. Sufficient length of protective
casing to house the required number
of flexible drill collars is made up on
top- of the whipstock assembly witl
the shear pin casing nipple on the
upper cnd of the casing. Then the
shear pin sub is made up on the drill
pipe or tubing to be used for-drilling
the lateral and flexible drill collars
screwed onto the sub. The universal
knuckle joint and bit are s.rewed onto
the bottom of the flexible collars. The
drilling assembly is lowered down
through the protective casing assembly
until the hole in the shear pin sub and
the shear pin casing nipple coincide.
A shear pin is screwed through the
nipple into the sub. This connccts the
two assemblies together.

If the tools are to be oricnied from
the surface, the whipstock is faced in
a known dijrection and orientation is
carried on as the assembly is lowered
into the well. Whea bottom is ap-
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proached the tool is faced in the de-
sired direction and spudded on bot-
tom to seat the anchor bit in the for-

- mation at the bottom of the well. Fur-
. ther application of weight shears the

pin‘so that the drilling assembly is free
to rotate. The drilling tools are lowered
so that the bit lies on the face of the
whipstock and circulation is estab”

- lished. The drilling string is rotated at

about 60 rpm and lowered to start
digging. The whipstock forces the bit

* to incline upward and guides it in

initial direction. After the bit drills off

- the whipsiuck, more weight is applied

to crowd the knucklc joint to the bot-
tom of the hole and force the bit to
drill upward. The bit is lifted off bot-

' tom occasionally as drilling proceeds
to circulate the hole clean.

As soon as the required length of
Iateral has been dug the tools are hoist-
ed out of the drain hole. The whipstock
and protective casing assembly may he
left in the well temporarily or brought
out with the drilling-assembly. When
digging in hard formation where move
than one bit is dulled in drilling lateral,
or if a liner is to be run, or the hole is
to be surveyed, it is desirable to leave
the whipstock in place in the well until

-all of the operations are completed. In

this case the whipstock and proteciive
casing assembly arc finally retrieved
with a casing spear run on the drill
pipe. In softer formation where one bit
will drill a drain hole and no liner is to
be sct or survey made, a lifting sub is
run below the shear pin sub which
brings the whipstock and protective
casing assembly out of the well when
the drdling assembly is withdrawn,

T use of o whipstock has decided
adyages, Whenever it is necessary to
wit  aw  the  drilling  assembly 1o
i Lits or check the equipment the
tnck left in place in the hole
tales the tools back into the Jateral.
Aifexible liner run into the drain hole
alter completion likewise is guided into
the tateral without probing. If a survey
is made the barrel enters the hole easily.
In no casc has any trouble been en-
countered in retrieving the casing as-
sembly with a spcar after any of these
operations. No tail pipe has been stuck
in the well; use of a releasing sub is
only a safety feature in case the tail
pipe should stick.

Crude il or oil-emulsion mud js
recommmended as a circulating fluid in
ateral drifling but two holes were suc-
cessfully drilled with gas. Laterals have
heent drilled successfully in both hard
and soft formations with these tools,

The OQil Weil Drain Hole Drilling
Company uses drilling tools somewhat
similar to those deseribed above. One
of the main dilferences in their equip-
ment s that the flexible drill pipe is

ninde with a four lobe cut. LU
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NORBBERG POMEN"/D.
GAS ENGINES

keep preduction on schedule. ..

Here's the low cost answer 1o compact, dependable power for

‘round-the-clock production pumping—the new, Nordberg

POWER CHIEF Gas Engine. Backed by many years of service

to the petroleum industry, this Nordberg engine is ruggedly

built to keep production on schedule day-in and day-out, even
»under the most severe opcerating conditions.

Available as straight power units, rated 18 hp max., with
.stub shaft or clutch power take-off . . . and as “packaged”
_ gencrator sets producing up to 10 kw, Nordberg POWER

CHIEF Gas Engines are simple to install and easy to maintaia
—always ready and able to serve you 24 hours a day. Clip the
coupon for full details.

\ Nordberg Mfg. Co., Milwankce, Wisconsin.

.
; T ‘IHE’RE 1S A NORDBERG DISTRIBUTOR TO SERVE YQU ('/]
i IN ALL PRINCIPAL CITIES o
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Both surveying and lining at laterals are deemed impori-

ant steps in successful application of the techniques

’N the early part of 1951 a demand
arosc Tor surveys of lateral drain holes
with both drifr, and direction desired.
Unll [ which_recorded_angle and direc-
uon !mnfvutxc‘xl to. houwmal already
had, lwlopud and it was found
that this older type mulleIc shot 1n-
strument could be reduced in iength
and powered with short flashlight cells.
A 90 deg angle unit was consiructed so
it eould be shortened about 2 in. An
extremely short barrel was manufac-
tured with a bronze guide welded onto
the bottom bull plug to assist in enter-
ing the mouth of the drain hole.

A flexible joint at the top of the bar-
rel was spring-operated to stab the bar-
rel in the lateral when no whipstock
was used in drilling. Some of the first
barrels made were too long o success-
fully negotiate the short bend where
the drain hole Ieft the main bore. Fin-
ally a burrel less than four {iot long
was developed and has been success-
fully used.

In manyw instances the barrel was
made up on the resilient curved pipe
directly so the instrument would coter
the lateral. Whenever drain hole tools
employing a whipstock were vsed for
drilling the laterals, an articutated dur-
aluminum section was inferposed be.
tween the barrel and flexible drill pipe.
Thus the insttument compass was Te-
moved from the magnefic Influence of
the flexible drill pipe and accurate
magnetic readings were obtained. Many
suceesstul surveys have been made with
this eguipment. Recently an angle unit
has been developed which will give
directional readings from 0 (0 140 deg
drift (50 deg above horizoaial).

Usually readings are taken at one-
foot or five-foot intervals as the instru-

ment i is wnhdldwn’ from the lateral.

the auxfnc “Tnc
upply to each d
1S ml&p

Surveys have been made on many
laterals, especially those drilled in Cali-
fornia since 1951, They have assisted
operators in the evaluation of drain

AENCCEVSIVER
B-44
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H. JOHN EASTMAN

tiole drilling and its application to the
producers spccnﬁc needs. As a result
service companies have been guided
to the redesign of their tools to make
them drill laterals more nearly as de-
sired by the operator,

A study of these surveys gives a
remarkable accurate picture of the me-
chanical functioning of drain hole drill-
ing tools and has made available valu-
able data that has led to their improve-
ment. As further advances are made in
this type of high-angled drilling and as
holes penetrate further from the main
bore, surveys will become more essen-
tial.

In many cases the knowledge of the
course of the laterals will be impor-
tant (o the operator in whose well they
are drilled. Drain holes dug in wells

near lease lines must be surveyed to
assure that they do not trespass upon

an adjoining lease. Knowledge of the
course of laterals near faults is needed
and in steeply dipping sands, too great
a depth penctration is liable to make
the drain hole penetrate into water
sands. Accurate directional surveys
will assure that this has not occurred.

Drainhole Liners

Although Lee suggested the use of
liners or other means of keeping drain
holes open after drilling, he did nol
develop a technique for casing 1!1::
laterals.

Although holes drilled with his
equipment were left open and it was
concluded that they stayed open, it
is probable that they soon were filled
and prevented the flow of oil trom the
ends of the laterals.

Most of the drain holes drilled in
areas outside of California have not

{
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Scetion of film from lateral drain hole survey instrument. The picture shows the
lateral drain to be N 45 deg E at a drift of 107 deg 30 ft from vertical 9 or 17 deg
30 ft ubove horizontal. Readings are taken at desired intervals o show complete

course of lateral,
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Bottom end of Eastman liner showing circulating shoc at right.
Hose, sliding connection (center) are attached to pipe on which
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liner is lowered into lateral, Hosc, connection, and shoe give cir-
colation to bottom to assist in setting lincer,

heen lined: in fact, some treated with
acid and hydraulically-fractured have
not been cleaned out after treatment.

Recently the demand arosc for a
means (o protect the laterals and assure

the drain hole from caving and main-
tains the cffectiveness of the drain
holes. The liner is casily run into the
lateral duc to its flexibility. When a

whipstock is not used to drill the drain
holes the end of the liner must be bent
or a simple fluid-operated knuckle joint
placed on the end to facilitate entry. * *

that they carried oil to the main bore.
As far as is known no positive means
has been used Lo gravel-pack a drain
fiole completely from the extremity to
' (the main bore to date. Whenever the
main bore was flow-packed every at-
fempl was made to flow gravel into the
lateral but obviously the distant ends
were not. completely filled. The only &
practical methad for doing this would
‘have heen o make n flexible fool to

Pe-4

run the curved hole and flow-pack the i
Jateral as the tool was withdrawn. | ;

Taday (here are a number of types || { ;
“of liners that are run into drain holes. . Vo
“Sections of slotted lincr arc cut with ' Y.

jobes at short intervals to make them Loy ; !
flesible. ‘The outer scction of some of Vi
these finers are prepacked with gravel. } J | “
When running, a circulating shoc is at- : 3 0oy
tached 1o (he bottom of the liner by /%1 ot
means of a removable hose. Thus the h i R
drain hole is cleaned out as the liner Bhy
is lowered into it. The finer is left in gy

the lateral by a releasing sub. The cir- R

culation hose is attached to the flexible g; % dh

pipe and is withdrawn with it. £l o
One type of liner is gravel-packed SR

hetween the slotted pipe and a central
oil-soluble hosc. The hosc is used to
hold the gravel in place and to give
circulation to bottom as the liner js be-
ing sct, The hose is disintegrated by the
oil in a few wecks, permitling eil to
flow through the lincr.

A liner of simple construction is
heing used cffectively in the Wilming-
ton and Torrance, California ficlds.
Lengths of 2-in. slotted liner are pre-
packed with ¥-inch gravel to 4-inch

. oD, the gravel held in place with open
[N steel mesh. Scctions of this liner arc
’/ o joined to form a continuous pipe at Jeast
' 5 ft shorter than the drain hole, A fun-

nel shaped adapter of drillable metal is

: made up on the top of the liner.

' The liner is lowered into the well
and the adapter scats in the mouth of
3 the drain hole. After all drain holes
have been lined in this manner and ex-
cess lingr milled ofl. a conventional
slotted or prepacked liner is set in the
main bore.

The adapter prevents the mouth of

o =T *
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Contact your nearest Dealer or write direct to:

G

For aver 6O years Manufacturers of Spang Weldiess Jars and a
Cabie System Drilling -nd Fishing Tools tor Oil and Gas Wells,
Prospect Drilling and Shot Blast Heles.
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SPANG BITS are DIE-FORGED. Die-Forging
assures uniform section throughout with the cor-
rect amount of reduction from billet to finished
product, and beuer grain structure through the
entire length of the bit. Result More Jfootage.
Lower cost. : .

SPANG BITS are COM PLETELY HMEAT-
TREATED from end to end. Complete heat-treat-
ment assures maximum grain refinement from pin
end to drilling end. That means stronger pin collars
and blade sections . . . fewer failures, even in hard-
est foundations. .

The BLADE SECTIONS of SPANG BITS, de-
signed for maximum penetration ia_hard forma-
tions, have ample water course to provide more
room for cuttings and faster drilling action in
sticky formations.

SPANG BITS are furnished with semi-dressed
drilling ends which permits a bit to be dressed out
to gage in less time and with fewer heatings.

SPANG BITS are available in high carbon and
(wo grades of alloy sieel to enable the user to select
the quality of steel most suitable for his drilling
conditions., :

3.

4.
5.

These five features, plus others, are reasons why
for over half a century, SPANG Hleat-Treated

Drilling Bits have consistently prcduced more
footage at lower cost.

The lotest SPANG CATALOG
is yours for the asking.

BT ™ d Nala bt uWat A
N LN P’. (::DL s Mg Y
Dept. 0-7 . Butler, Pennsylvania

a Complete Line of
Water Vicolls,

R.47
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Horizontal Earth Boring -

o

R S SRR e Some 10,000 feet of pipe ‘I
{

}

| ®

2

D

e

=
O

9—

and duct are being installed an-
nually by Con Ed with the spe- '
cially designed mobile, self- ’
contained equipment described ’ S
here. 1t will handle up to 36-inch - BN
- pipe, in many cases permitting SR |
installation without disturbing R A
over-ground activity. Pipe bores ' K
as long as 90 feet have been [
“made in a few hours. Equipment A
suitable for rock boring. . . SR AR

PPROXIMATELY . 10 thousand o ‘

feet of steel pipe and concrete duct . i
are being installed yearly by the hori- e a
zontal earth boring method onathe | . J
distribution system of Consolidated . v b ¢
Edison Co. of New York. v b .

The Inspection and Methods Bu- c N
reau of Con Ed’s Outside Plant Con- o
struction Department has completed b
the design and construction of a new '
series of mobile, self-contained ma- . B
chines in a further effort to increase L
the eronomy and productivity of this E
method. : 357 DI
- In_horizontal earth boring a steel . ‘
~ _pipe_of any size from 2 to 36 inches .
in diameter is propelled into the earth : 5"‘ ¥
by. rotation and jacking. The bit on B S
‘the_end of the pipe is capable of cut-. - u
ting its way. through solid rock forma-
tions as well as all kinds of soil. The . . 1o
same type of bit is used in oil well
drilling. See Fig. 1.

A commercially available material , R
‘known as “Aquajel” is mix¢d with ' L |

water to form a slurry which is ,
pumped to the head of the pipe and Co {
through the bit as it moves into the -
earth. The slurry lubricates and cools
the bit, mixes with the soil or rock
chips and acts as a vehicle to carry :
the cuttings back to the boring pit. _
There, the slurry is sucked up and .o )
pumped to a vibrating shaker screcn
where the spoil is separated from the
" “Aquajel” which is then recirculated.
o . The trailer-mounted machine (Fig.
f ‘4y 1. Pipe and bit after holing through in New York Library job in which Con Ed used  2) consists of a26hp. gaso]inc engine,
W Vorizontal ‘earth boring equipment to cut through about 57 feet of, rock and building foundation coupled to a 30 gpm, 1200 p.S.i. hy-

" lom g stort i b 10 feet below street surface terminating inside the library's basement . T .
=0 g starting_point about 10 fee . J ; 4 vhic ne 0
vall. Part of area bored through was stonework of an old wgler reservoir wall on whose draulic put;1p which l}f (éon ].Cted t[ d.
i ‘ e site Library now stands. 15 hp., 1200 rpm hydraulic motor
i
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with a pair of high pressure hoses.

¢ . The hydraulic motor is a part of the

~ gear reduction assembly mounted on

. the scaffold portion of the trailer. This

unit furnishes the rotation power to

the pipe at a speed up to'40 rpm max-

.. imum and a torgue of 23,000 in-lbs.

Fotward propulsion is obtamed man-

" ually . through' toller chain and
ratcheted come—along assembly.

.

', ; ‘This machine was designed pri-
St manly for mid-block and street inter-
e section boring. An 8 foot by 20 inch

. tion and-the scaffold containing the

: -and’ chocked.. The machine- is then
‘ ‘ geady to bore. Pipe bores from 30 to

"90 feet lopg have been made with this
,«p, arrangement in" just a few hours.
_“Three such machines aré now in use
.in the Con Ed system.

» new series was built on the chassis of
* what was once'a U. S. Army search-
- light trailer, as.may be partially rec-
. ognizable from the illustrations.
=" Ready to roll to a job location, this
‘" ‘unit i§ compact and self contained. It
11 is-14 feet long, 7 feet 10 inches wide
- “and 8 feet 6 inches high. In use, the
unit covers 70 per cent of the ex-
“cavated area over which-it sits and
‘leaves only a small area that needs
protectnon It literally lifts itself by

“boring pipe sizes from 2 to ( 6 inches in
dlamete[\f_gr a dlStﬂIlCBh()f 1§g feet.
.Like the “Two Inch Portable” it re-
:'quires no connéction or assembly in
-, the field and has proved to be a real
" time ‘and’ money saver in bormg op-
"erations.

i~ A rear view of the machme (Fig. 4)‘

tnc-dnven elevator. In the upper
"an-oil' pump which is connected to a

;boring 1init mounted on the rails. At
the .upper right rear interior part: of
) fhe trailer is a 2 gpm, 7500 p.s.i. hy-.
“draulic pump which furnishes the pro-
prision‘power for two 20:ton cylinder
acks which' engage the notched rail
and push the boring unit forward. To
the left, back of the valve, is a 500-
7 gallon slurry tank that runs the full
length of the trailer body. All opera-
-, tional’ controls are mounted at the
: rear
I“he v1bratmg shaker (Flg 5) is

/ * S

““trench mdug,.usually on the sidewalk. \ .
. The trailer is rolled over the excava- -

bormg umt is lOWCted into it, ahgned' Fig. 2. The trailer-mounted muchlna shown here furnishes rotation power | Io fhe pipe ut d 3

up to 40 rpm maximum cnd a torque of 23,000 lnchvpounds.

1 The second machine (Fig..3) of the

. bl Fig. 3. Sid w of of ¢ f horizontal earth boring machine d by Con Ed. thlﬂu
1tS Own boostraps and IS e Of V 9. [:] vne one ypes Of rizon ar ring {s14 $ Use Yy

thad

:shows -the track rail off the trailer
‘hooks and being lowered by the elec- |

“Tight is a- gasoline engine used to drive

1ydraulic motor that is part of the .

Fig. 4. Rear view of scarchlight traller ted horuonlul earth boring unit, shows tecrck ra”*(

unit using an Army searchlight trailor ‘chassls,

. trailer hooks, teady to be lowered, as it wou‘\d be when ln use, by unit's elecfrlc driven elsvey
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p o
mountéd on the top deck."The suction
pump is at the lower left, mounted on
' the tow bar apron. At the lower right
<] side, in the cutaway portion of the.
. apron, a barrel is placed on the
ground to-collect the spoil ‘that has .
been separated from the slurry and
dropped through the duct shown
mounted on the front wall. Circuit
breaker switches are visible in the
partly open cabinet on the left. These
actuate the electric motors on the high
pressure oil pump, slurry pump,
shaker screen and elevator.

Since this work is -performed on
public streets and highways, the new
equipment has been designed for a.
quick set-up, a minimum of field as-
sembly operations and a minimum
need for work area protection devices. .
It is obvious that the less time spent
at a location and the less space oc-
cupied in doing the job, the more
we will contribute to better public
relations and greater economy. ..

The largest machine of the riew
series is a power packed giant (Flg
6) weighing 14 tons. It can bore pipes -
_from 16 to 36 inches in diameter, for'
dlstances of 200 feet or more.
" The boring machine is 12 feebhlgh
11 feet long and 48 inches wide. The
front drive plate that engages the pipe
_is 38 inches in diameter and contains
.3 drive bars spaced 120 degrees apart .
that can be varied radially to fit any
size pipe from 16 to 36 inches in di-
ameter. The track and reaction rails =
6. This hdr’iionial earth boring machine was used by Con Ed recently to install five 24-inch consist of two 18-foot sections. This * "
ca'under mainline tracks of New York Centrail Railroad. The use of horizontal earth boring unit can be disassembled fOl‘ re,ady .
aqulpmeh! ‘mado it possnble to accomplish job without interrupting train service. »;transportation_ The sma]le_st excava-
tion that the machine can operate in is
19 feet long, 5 feet wide and the -
depth is determined by the depth-at
which the pipe may be requxred

- This machine, due to its size and
weight, is not totally self-contained,
like the ones previously described. A
trailer contammg the “Aquajel” tanks,
slurry processing pumps and shakers
is a separate ad]unct of equipment.

© On its maiden run thi$*giant ma- .
“chine (Fig. 7) was instrumental in sav-
ing Con Ed a considerable amount of
money over the standard methods of
open trenching or tunneling. In this
particular job standard construction
methods would have caused a slow-
down of main line New York Central
train traffic. This was avoided by the
use of the boring method. The ma-

. _ : b boring machines. A chine completed its four sleeve bores
7. Getting set to’ start boring with one of the horizontal earth boring machines. As pipe fo 1 chedule. Approxi-
h 'bit is -attached . is rotated and jacked through rock and soil, bit cuts through. As bit and ~ suctceISSf;é); Otnofsrock had topge cut
penolrate into ground added lengths of pipes are welded on until bit emerges at far end ~MAtCly €

-1

of bore. Bit is cut off and pipe is in place. " - in each sleeve run. . n
EPTEMBER 26‘,‘“1\9\_56,’ GAS'AGE - s 21
Lot N . . v . |
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Robbins Tunnel Boring i\a@hme

The Robbins Tunnel Bormg Machine has driven a circular 25-foot,
9.inch tunnel through shale at a rate of 12 feet an hour without
benefit of exploswes Low costs and increased safety are other bene-
fits at Oahe Dam in South Dakota where conventional methods
were discarded in favour of this revolutlonary machine.

Q urte UNOBTRUSIVELY and with-
out undue publicity or fanfare;
a radicaligs new machine has been
boring large diameter diversion tun-
nels for the Oahe Dam near Pierre
in South Dakota at a speed of pene-
tration in excess of that possible by
conventional drilling, blasting,
mucking methods. Maximum per-

formance reported in the driving of

the_25-foof, 9-inch” funnels through
shales has been 12 feet in_one hour
. producing 480 Tons of broken rock;
58 feet in an 8-hour shift; and 78
- feet in two shifts producing 3100
tons. These advances include 1.ng
_beam supports every four feet, lagged
with steel mine ties and ;wire mesh
screen. The wall is so smooth that
in looking at it one would imagine
peering down the barrel of a shotgun.

The_machine is_the Robbins Tun»_

el Boring Machme named after ifs
mventor James S. Robbins, who con-
celved the principles reqmred to bore
throﬂ'gh rock while working-on the
development of the Goodman Con-
tinuous Borer. The well-known Good-
-man 500 Miner_and_the_Goodman

400 Miner, Promtypes of the confind-

and .

“cutters,

ous_borer, made a tremendous_impact
on_productivity_in_the . m;nmg,.o.f_;mal
_seams, _A 500 Miner operating in one
mine averaged 430 tons of coal per
shift over a period of four months at
a cost of 54 per cent under that by
conventional methods.

The first application of the new
machine, which uullzeg__poth roller
disc cutters and fixed cutters, was at
a_coal minie in southern Illinois for. the
drwﬁg‘ “of “two 3000-foot slope en-
friés, Tt had Been found that the ma-
chines, first used, utilizing on]y fixed
would not penetrate certain
of the sedimentary starta, and so the
disc cutter was developed and tried
out successfully The second appllca-
tion was in the driving of a” tunnel
under the Arkansas River.

Flood Control Project

The flood control project at Oahe
Dam includes the driving of six_1800-
foot diversion tunnels under condi-.
tions which imposed some serious
handicaps for the successful contrac-
tor, Mitiry Constructors of Los An-

geles, who undertook the task. Four

N
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of these tunnels have now been com-
pleted and a start has been made on
the fifth. : .

Onc condition imposed by the spe- .
cifications, which would not have
been a problem with a conventional.
method of driving but which necessi-’
tated serious complications of design
with a boring machine, was that
the diameter of the tunnel had to be .
reduced by 18 inches after the first
150 feet. In addition, the .government
required that a rolled H section ring
beam be installed to support the walls
and back every four feet, the sets at
all times to be kept within nine feet
of the face. An elaborate mechanical
nitthod of delivering and mounting
the sets was developed so as to keep
pace with the rapid forward advance
of the machine. A further complica-
tion was added by requiring that pait
of the tunnel be driven on a gradual
curve WIth a tolerance of only onc
mch it was necessary to-keep ab-
qolute]y .on line and grade. Humidity *
in_the tunnel has to be kept at 95

per_cent fo prévent deferioration .of
the walls, and- the resulting fog and
wetness add nothing to the ease of.
operation,

The greatest handlcap is that a
2% -foot thick
lining has to be applied within lhxrty

days of the original exposure of any -

W

i'
¢

reinforced concrete

section of the tunnel. Stipulations re-

garding the manner of doing this ¢
work required periodic stooping of :
the big machine to follow up with Ihc
concreting operation. This in pari pre- .
vented continuous -operation for any‘
length of time so that true sustamed
performance of the machine could
not be determined.

The boring machine was ‘built in 8
months in 10 machine shops under -'H
license agreement with Goodman
Manufacturing Co. who hold “patent

rnghts ;

™
Operation of Tunnel Borer N

The enormous boring head con-\
sists of three central cutting arms ro-}
tating counter-clockwise . (as you look
at the face), and six outer cutting
arms rotating in the opposite direc-

tion so as to balance 'the tremendous:

torque. A shield back of the outer
cutting elements confines the rock
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jrlél whete it’ can. be ‘picked up “and-.
¢levated by thé Buckets of . the. Guter !

base.

f: the' buckets onto a conveyor

i

t accomgllshed mmally
X,,," "nes ;of flxed’or &rag—tyge
s { fra'/el i

S, mounted sllght-

I

Mlowing  thé  centre: of "the’; «core left -
‘, betwee;

S IWO . éd)aégnt kerfs ‘Contact;

] ojttact “of the _ disc as
showr _m‘ he‘dramng, Emd generally
breikin

pass;, !
nis that: the pOWer - cons
A,unlaeuevably 16w; only 200 h.p: ‘being
“m _‘drivmg a.-26-foot, - 9-inch
ime en when, advancmg at the
e of . 12 ‘feet per hour and produ
g g.480 tons of broken rock

_face . area ywhile” the-
resultmg core easily.
miting ;the hardriess .of
g rock , that can’ be. penetrated wrth

He ¢ ‘présent-niachi
< of the fixed ¢ cutting’ toals. - The

the’ Aniti§ simply. a- mild steel casts*
lng‘. ‘In. driving “four 'of the -tunnels’
»cmly '8ix, dlscs were replacéd and these

nngs rather than thrdUgh excessrve
ear.of the ﬁlé\é edge. e
’[he whole, machine is '90 febt long
‘and’ welghs fZO tons. The. cutters_are *
powered by two - 200 h.p. wound-
rotdr-motors ‘through gear : mechan-:
1isms. Forward motion is accomplished .
’f; "by " hydraulically ’ ‘operated “feet”
+ Which propel the borer on tracks and«
: ~whxch are driven by a 25-h.p. motor.’
Dlesel generators at the’ portal supply
power for the operation; being - step-- .
‘7 . ‘ped “down by 'three: 167-kva trans-
| fOrmers mounted . on- the' machine.
*“Motor controllers provide short cir-
.:cunt protection and permit centralized
\ push button ‘control at the operators -
station. Protection of the electrical
syslem is provrded by a dead-front
s panel  with  circuit breakers and
g ound relay. :
: One operalor controls lhe machme

. ., . . L
“ A R
. o iR
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! close’ to the face of the tin ) )

clitting arms and dropped through the .-

C1SNapec 8,
ehind- 'ihe ‘/flxe& -cutters” ‘sims
FB&"& oll' atound:: with " the 1ead “edge -

he core mto Iarge lumps_. v

ecupy only 10

‘ from'a control panel in ‘an enclosed )
O -cab .behind the citters. He .can ad.”

tHe' discs i remarkable in that *

[
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the,following interestmg datal
Total footage bored—-—243 feet;
‘Vance the ‘machine - and swmg it in; -
ny - dlrecuon by means of 4 small
pilot bit 4t thé centre .of the inner-
cutting heg,d Steel timber sets are
“brolight in by, mears of ‘a monorail,
.~ and. then lifted up and p]aced against * -
“*the tunnel wall by a specxally design-
. .ed “jig” thus-imparting a high degree: .-
- of .mechanization to this ‘operation. Possible operatmg tlme 3480 min- "
r"‘The 29-man crew includés a min-‘ -utes; .
mg foreman, two surveyors, the bor-.
Hing machine operator, a conveyor_' utes, or 51 per-cent;,

tender, .a monorail operator, a rm\g\ . Delay time, - 1720 mmuﬁ, as fol-

-f.eet, :
Average pOs er c0nsul‘nptlon,
~h p: or.45 per.cent of:capacity; - %
“ Fixed, cutter’ bits consumed, 362;
Fixed cutter blts cbnsumed per
foot, advance~1.5;. = .
‘Disc -cutters consumed——-none,

"beam crew of five top men and threc ~lows:
bottom men, three general labour top = - 21 % due to conveyor system
men, two general labour bottom men, 17" % due’ to resetting and ad-
‘an electrician, a mechanic, a weldmg .. justing ‘propelling jacks.
foréeman, four welders, and three help- 15.2% due to lack of supplies, in-
ers. In addmon to the above crew ’ ability. of monorail to
. which works entirely in the tunnel, - handle sufficient material.
therc is.a battery locomotive crew of -12.8% due to cave-ins of roof and
two.men and a variable number, gen- ) face ahead of ring beams.
crally .less than three, on the outside’ 10.5% due to permitting steel
who are serving the operation. roof support beams and
. S blocking to catch up to ex-
i ) cavation.
Recent Operating Data 10.1% due to lunch time
A recent engineering time study 8.5% due to replacing cutter bits.
. over six consecutive shifts revealed 4.9% due to miscellaneous.

Actual . operatmg tlme, 1760 min- ‘\




74 Cancxdia‘n Mining }Qumal

cattings tools in hard rock and to the
remarkable performance of the disc

by the inve inventor that the machine can

abrasive llke_ grnnlte “and quartz

by elenatmg the fixed cutting tools

o Needless to say, the successful adap-
- tation .of thiss-fpol to : underground

- duction machine would’ have tremen-

one ts'an cértain atomlc eqplpmen
ortl}/ ‘about, £2;000 aton.

"snb‘e t
i e umbxte from the

ermmed metall;c ore fmm

Due to the limitations of the fixed
cutters, experiments are currently un-
. derway to substantnate a belief held

. be adagted to_boring through hard
: ."xd rélying ‘solefy ‘on the disc cutters.’

development work and éven as a- pro- -
" ‘dous impact on. the whole mining in-'

" ~dustry as; well ‘as .on the construction
: ‘trade‘ Even ‘in xts present form we,z

ntil.rgcently: it has not. peen pos-'
ind ‘2’ means" for Separating .
ther waste: .

whlch can Separate almost’

" Sanitized Copy Approved for Release 2011/06/28 -
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sense that some form of revolution
has quietly taken .place which - will
have an appreciable and growing ef-
fect in rock tunneling through softer

‘rock formations. Studies for instance,

have indicated that advances of 100
feet per shift are quite possible under
good rock and operating conditions
where concreting is not immediately

"necessary. A coal mine in southern

Illinois " at the. present time produces
8000 tons of coal per day with a total

crew including the surface men and . .

the superintendent of. 215 men. In

- this mine there has never been a-shot -
fired.

-as columbife is an ore -
"of ‘which J&hen crushed
urioug form benﬁg mostly
like " minute: ¢arrots. - This ™~
that using ordinary

r achl’es the particles ten to enter.

sieving

ppinted end | -
mly wédg- ot

the edge of the: discs is ©
passed o 7

ite h been tackled from @ entire- -
,ly new a gle

- ready . f0
*Messrs. Russell Comtructions Ltd :
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N ovembgr,

minute circular
plane. This eli

-and turning
s pass readily

mounted in compressed ru
es and/takes the form: ofgthe Russel
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" parts of bit does not happen so often.
N . - . i

. @ The danger of twisting off is al- -

. ways present while rotary . drilling o

because of its high speeds. Further-

., more, the formation of keyseats is
~ another frequent cause of fishing op-

erations. While turbodrilling this
happens less frequently because the
hole is straighter and the stems turn
slowly or not at all.

® For turbodrilling the most fre-
quent cause of fishing operations is

. falling, swelling, or flowing rock for-

mations, However, a straight hole,
tension loaded drill stem, and very
low rotative speeds of the stem reduce

* this danger very much. Turbodrilling

does not create any new drilling dif-

* ficulties and eliminates most of the

Py,
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+ existing difficulties of rotary drilling

or reduces them to a great extent.

© Less strain on the rig. The strain
on the swivel and the rotary table is
considerably reduced. The mast base
vibrates only slightly. This results in
a reduced strain on the rig in general.

© A clean hole. The lifting capacity
of the drilling mud is improved by
the higher annular velocity. The
drilled particles are of finer grain
because of the higher speed of the
bit, and can be brought out better.
o Interchangeability. The turbo-
‘drilling is interchangeable with the
rotary-drilling method.

Disadvantages of turbodrilling.

If difficult drilling conditions pre-
vail requiring a hcavy and viscous
mud the turbodrill cannot be applied
as long as thesc special conditions
exist.

For turbodrilling the speed of the
bit varics between 200 and 600 rpm.
Therclore it is possible that certain
‘beds may not be drilled as well as
with rotary mecthods at a bit speed
of 50 to 70 rpm. The final answer,
however, could only be given after
extensive drilling experience.

Strain to the mud pumps. The
strain to the mud pumps will be
higher because the pumps have to
perform more for turbedrilling. For
this reason it is necessary to keep the
sand content of the fluid as low as
possible. For practical purposes a
sand content of less than 3 percent
by volume is considered good.

Either as general successor of, or as
supplement to, the rotary-method the
turbodrilling mcthod promises to con-
tributc an important sharce towards
increasing the capacity and rentabil-
ity of deep drilling. --The Fnd
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FIGURE 1—Cutaway drawing of turbodrilt

showing the important components and operational

features.

.

Russian Turbodrills . . .
How Good are They ?

“isk

How do Russian technological advances com--
pare with those of the U. S.? Russian turbodrills now in -
Dallas will soon be tested against American rotary equip-

ment.

I~ recent months the drilling in-
dustry has become increasingly aware
of the possibilitics inherent in having
a down the hole source of power for
driving the drill bit. Scatercd and
unsuccessTil tests _have been caricd
on in the UL S, sinee 1873, but only

[EEESSSS

recently with  reported  success  of

‘Russian turbodrilling has there been

much_ widespread intcrest in this
method. )

Now, tool manufacturers and drill-
ing personnel alike are anxiously
awaiting the results of tests presently

151
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FIGURE 2—Comparison of turbodrill and conventional rotary drilling rotes when penetrating
the hard Carboniterous formation (equivalent to o Mississippian limestone) in Russia.

being conducted on 40 imported
Russian turbines. How and why were
these turbos obtained? Are claims
made for turbodrilling far fetched
and unrcéasonable or can this method
further improve drilling progress here
in America?

Most readers are already familiar
with earlier turbodrill experiments
and some of the results, both here
and abroad. Dresser Industries, Inc.,
first entered the field of turbodrilling
when they acquired the EDCO tur-
bodrill .in 1950. It consisted of a
multi-stage, direct drive, impulsc tur-
bmc similar to one of the carly Rus-
sian models. Dresser undertook this
development work but when it was
completed they found that the power
output and efficiency of this turbine
were too low for economical drilling.

There were ' other turbodrills that
were tried unsuccessfully but the
Russxans were_the_first._to_come up
wnﬂl one_that secmed to work_eco-
nomxmll) and cfliciently. In a nation
in which the state is omnipotent,
there is no question in industrial de-
velopment of responsibility to stock-
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holders, no necessity for showing an
cconomical operation, no need to
show a margin of profit. Only the
blessing of the State is needed upon
a given project. Once this has been
obtained, there is little question of
the millions spént upon research; the
hundreds of personnel channelled
into such a  project, or the wvast
amounts of money spent in experi-
menting and testing, The State is
answerable only to itself, and has no
customer problems such as must be
faced in the U. S. And, so, the Rus-
sian turbodrill development pro-
gressed.

The Airst Russian turbodrill de-
veloped -by M. A. Kapelyushnikov in
1925 was a single-stage high-speed
turbine driving the bit through a
planetary reduction gear. Its use was
discontinued in 1934 because it was
considered less efficient than conven-
tional rotary drilling.’

In 1935 a new type of multi-stage
direct-drive turbodrill was designed

by the Russian engineers but it was

not
war,

“ully perfected until after the
This was considered such an

lh;ll‘. R.AL
loauness and M Gusman were
avandea the Sisdin prize for their
miprovements on the twrbodeill, In
1OL7 the Russiuns had a fairly good
angdl an American  indus-
wrialist had several nectings with
them to discuss ehie possibility  of
agreement. They
promised 1o show the tool working in
the field but sccarity regulations in-
werfered, 1o was therefore impossible
to conclude agreement  at that
time.

The first direct-drive multi-stage
turbodrills were equipped with scaled
roller-bearings  which failed {re-
quently because drilling mud con-
taminated the lubricating system.

o, ettan o hieverment

¢

turhbodritl

making o license

an

The Russians decided that the turbo-.

drill must be “de-refined” into a
rough and rugged tool to mect oil
field - conditions. The result was the
development of a rubber thrust bear-
ing (sce Figure 1) which is lubri-
cated by the drilling mud and which
need not be sealed against the en-
trance of abrasives.

While the Russians are a practical
people operating with a minimum of
technical personnel, they carried on
research work in a special institute,
the All-Union Institute for Scientific
Investigation for Drilling of Oil
Wells, established for the study .of
turbodrilling. This institute was
equipped with all of the instruments
nceded for the study of fluid dy-~
namics, cavitation, and the behavior
of viscous liquids. The facilities in-
clude a small shop capable of turning
out a complete turbodrill even to
making the steel castings for the ro-
tors and stators. They also have com-
pletc heat treating facilities for the
thrust bearings.

The staff of about 200 people at
the institute includes 30 engineers
and chemists and two experts on
hydrodynamics. In the laboratory are
two dynamometers, a stroboscope
and a high-speed 1otion picture
camera for studying the action of
drill-bit teeth on the formation. They
also have a turbine in a lucite case

to study cavitation. In gencral, their
instrumentation is crude but "effec- -

tive. In dealing with the Russians we
must not be deceived by their appear-
ance. They look like peasants and
they need materials to work with but
their technical skill should not ke
underestimated.

The Russians have developed four
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Forty Russian' turbodrills in heavily reinforced crates arrive in

|
!
t
i
1

Daollas at facilities especially

- prepared for testing and maintenance of the turbos.

sizes of turbodrills in two_different
basic types. One type, the T12M?2,
is for driving a regular rock bit while
the_other, the KTD, has a_hollow
shaft to_accommodate a wireline core
rbaxjxjc!. They have also developed a
tandem drill; the TS4 which permits
putting together two. or - three tur-
bines to obtain a total of as many as
240 stages on one shaft. Jhese are
used in soft formations where high

"torque and low speed- are nccessary.

“In the Bashkir oil ficld between
Bugulma and Tuymazy in the Tartar
Republic, 170 drilling rigs are run-
ning; all using the turbodrill. The
rapid devclopment of this field is due
entirely to the use of the turbodrill,
They are drilling wells in eight days
that wouid require 36 days by con-
ventional rotary drilling. The wells
in this field are from 5400 to 5600
feet deep and it is hard drilling prac-
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ing to

tically all the way. They use 61 bits
per well and average 100 feet per
hour. A breakdown of the time spent
on the average well is as follows:

Actual drilling time 54 hrs.
Adding pipe 22 hrs.
Pulling pipe 126 hrs,

Total 202 hrs.

A graphical comparison of rotary
and turbodrilling in the Tartar Field
is shown in*Figure 2, ‘

In turbodrilling they carry from 20
to 27 tons weight on the bit which

runs at 400 to 900 rpm. Two 400

horsepower mud pumps are used and
they operate at 1470 to 1760 pounds
per square inch of pressure. With
such a rig, and a 5%-inch turbine,
they have drilled to depths of 15,000
feet. "The turbodrills work best in the
hard formations which are the most
difficult for conventional rotary drill-

retrate.,
S i ST

AN Nevgroarwitnessed a test be-
Lot comventional  rotary  diilling
wing e turbodrill. At the time

they were drilling in dolomite at a
depth of 1200 feet, The rotary was
rune at 250 vevolutions per minute
which is high for this formation. The
weight on the bit was 20 tons and the
maxinwm rate of penctration  was
+Y% feet per hour. In the same forma-
tion, the turbodrill with 20 to 2+ tons
on the bit drilled at the rate of 57 to
753 feet per hour. In both tests the
mud pressure was 170 to 1760 psi
and the circulation rate was 950 gal-
lons per minute.

There are three turbodrill repair
stations in Bashkir and two in Tuy-
mazy. A running record is kept of
cach turbodrill including the number
of operating hours, when repairs were
made, and the extent of the repairs.
At onc of these repair stations a ran-
dom inspection of a number of tur-
bodrills returned from the field was
made and it was found that they did
not need any attention except thrust
bearing repairs. This was most sur-
prising because in the earlicr models
of turbodrills designed in this country
the greatest concern of the engincers
was erosion of the turbine blading by
the drilling mud. The Russians have
apparently found a solution to this
problem through extensive rescarch
and experimental work.

The solution of the problems in-
volved in the design of a turbodrill
depend so much on extensive ficld
experience and data gained therees
from that it would be very costly and
time consuming to build a successful
turbodrill  without this experience.
Earlier plans called for bringing Rus-
sian drilling personnel into this coun-
try to eliminate the delay in acquir-
ing this nceded experience.

One of the important problems
associated with turhodrilling is the

design of the rock bits. Since the.

turbodrill runs at speeds ranging {rom
500 to 900 rpm as compared with
rotary speeds of 50 to 250 rpm the
bearings in the cutters of a standard
rock bit invariably fail before the
teeth are worn out. At the time Dres-
ser was working on the Edco turbo-
drill their bit designers had no ready
answer to this problem and said it
would require extensive rescarch to
develop a satisfactory bearing for high
speeds. The Russian answer to this
problem can bhe obtained through an

WORLD OIL  « December, 1956
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Drilling crew from Gardner Brothers prepares to run @ 10-inch KTD turbodrill in the hole with
o four-cone coring bit, :

exchange of information on bit de-
sign. Such an exchange of informa-
tion would be of greater advantage to
the U. S. than to the Russians be-
cause our design data on bits for low
rotating speed and heavy weights
would be of little value to the Rus-
sians for use on their turbodrills. On
the other hand, we have no design
data or field experience on bits for
operation at high turbodrill speeds.

It might be asked why the Russians
are now willing to make their turbo-
drilling technology available to . us.
The answer seems to be that their
vanity got the best of them because
ever since the World Petroleum Con-
gress in Rome last year they have
been pressing to have the turbodrill
tried elsewhere in order to get credit
for their accomplishments. In time the
turbodrill could revolutionize the oil

158 <« Drilling Section

industry in the U. S. as it has in
Russia, where 70 percent of all oil
wells are drilled. and it would be a
tragic mistake not to take advantage
of this opportunity.

Consequently, the American con-
cern entered into negotiations with
the Russians and subsequently with
Establisséments Neyrpic for obtaining
a licensing agrecment for the manu.
facture and use of turbodrills in the
U. S. and Canada. After many dis-
cussions and much delay 40 turbo-
drills representing three different
types; the TI12M2, in 6%-inch, 8-
inch, 9-inch and 10-inch diameter
sizes; the T54 in 5-inch, 6%-inch, 8-
inch and 10-inch diameter and the
KTD coring turbodrill in 8-inch and
10-inch diameter size were received
in Dallas.

No time was lost in establishing a

tcd o bedmil station and drillsite at

vt ol the company's plants in Dallas.
A sl porwable vig widh a large
independently  deiven triplex pump
moved in. and  indoctrination
forcompany  personnel  were
under way, A\ wained  drilling crew
from a contruct drilling firm is heing
used to operate the rig and 1o ac-
quaint drilling and engineering per-
sonnel with the operating character-
istics of the turbodrill. These pre-
liminary tests are not designed to put
the turbo through its paces as vet.

Was

10818

At the present time drilling and
coring techniques are  being  tried
under controlled conditions, A typical
test while using the T12M3-10-inch

with a 12V-inch soft formation bit

consisted of applying about 20 tons
of drill collar weight to the bhit and
an indeterminable amount of weight
due to the applicd hydrodynamic
head. Circulation was approximately
630 gallons per minute at 1350 psi.
Pressure drop across the turbinc at
these rates is approximately 6700 psi.

One of the many characteristics of
this drill that must be determined by
tests is a means of calculating the
amount of weight applied to the bit
by the hydrodynamic action of the
drilling fluid. It is necessary to keep
the thrust bearings as nearly balancéd

as possible at all times, and knowing.

this weight can be quite important.

If the down thrust, or weight, due to

the hydrodynamic force, and the
weight of the collars, is too far in ex-
cess of the weight applied to the bit
then the top of the thrust bearings
will wear excessively. If the reverse
is true and the upward thrust is
greater, then the underside of the
rubber covered thrust bearings will
wear excessively, '

Upon completion of these oricnta-
tion tests the turbodrill will be taken
to the field, where it will be given
comparative tests with regular rotary
drilling in all types of formations
under all possible conditions. Market-
ing or leasing arrangements have not
been decided upon at this time, but
it is hoped that the turbodrill will
take its place in the drilling industry
sometime in 1957. It is through these
field tests and only through these
tests that the big question of their
comparable performance to standard
rotary drilling will be answered.
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Auger Mining in West Virginia

Sk ot

A view of the au

cant I e T

Bitner Fuel Uses 48-in. Auger to Mine 700 Tons of Coal
Per Shift

IN recent years strip mine operators
have been given a new too! in the
never-ending fight for more coal at
lower costs. At first this tool, the coal
auger, was considered merely an ad-
junct to other stripping operations—
an adjunct which permitted the strip
operator to mine coal from fringe
arveas that would otherwise be left
unmined. Now, however, augering has
developed to the point where many coal

operators gear their entire stripping.

operation to the auger.” There is no
denying that auger mining is rapidly
coming of age.

Working in Pittshurgh Seam

‘One company that has taken full
advantage of the coal auger is the
Bitner Fuel Co., which operates strip
mines in the area around Jacksons
Mill, W. Va., about 80 miles south of
Clarksburg. The company has on its
property about 40 miles of Pittsburgh
coal outerop and 25 miles of Redstone
outcrop. Between 26 and 28 miles of
the Pittsburgh outcrop has been
stripped; the rest is untouched. ,

Both coal seams are found only in
the tops of the hills which dot the

26

By GEORGE W. SALL

countryside. Present mining is in the
Pittsburgh seam only. In time the
Redstone will be stripped or augered
wherever possible, but the presence of
a great many clay veins make it un-
economical to mine in several areas.
The seam now being mined, the
Pittsburgh, runs a consistent 54 to 56

ger from the discharge side

in. thick over the property. in -the
stripping operation overburden is
being moved by a 1201 Lima, high-
front shovel having a 21-cu yd

bucket. A Galion Grader follows the -

stripping shovel to clean the coal seam
off and a Y%-cu yd Lorain shovel is
used to load coal. The grader is also
valuable for maintaining roads, an
operation too often slighted by strip
mine operators. As a general rule the

terrain is such that two cuts can be

made before the overburden becomes
too heavy for economical handling by
present stripping equipment. The

average highwall left is between 50 .
and 55 ft high.
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Coal is hauled three miles by truck to a tipple on the Baltimore & Ohio Railroad
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Blocking on outside turns allows for
maximum extraction

Six-in. pillar
between holes

Two-in. pillar
between holes

Sets of parallel holes are used on inside
turns

Preparing the Bench

To be prepared for augering, the pit
must be at least 50 ft wide since Bit-
ner Fuel is using a Compto’n Model 48

auger which has a length of 487ft. To

Alfow trucks to bypass this machine in
working position the bench has to be
a minimum of 60 ft wide.

Another step in preparing the pit
for augering is to take up about six in.
of the clay underlying the coal seam.
This is bulldozed away and allows
more freedom in lining up the auger
with the coal seam.

Although the coal is only 34 in.
thick, Bitner is using a 48-in. diame-
ter auger. According to accepted
practice this is too large—they should
only he using a 42-in. avger-—and they
should pay the penalty in short holes.
The coal company calculutes, however,
that if it can maintain a drill hole
depth of 125 ft with the larger auger.
more coal and a hetter, rate of recov-
ery can be had from the mroperty than

JULY, 1955

L T —

'

.

if a 42-in. auger was used. Over the
past year hole depth averaged 178 ft,
well over the cconomic cutoff point.

Although the Redstone seam is thick’

with clay veins, they are relatively few
and far between in the Pittsburgh coal
on the property. When encountered
they are drilled through with the
auger. As soon as this material starts
feeding out of the hole though, it is
loaded out separately and dumped on
the ground at the tipple. Any lump
coal is picked out for house coal.

Positioning Auger

‘When lining up for operation, the
auger is set to enter the coal about
three in. off the bottom. This leaves
from three to five in. of coal at the
top of the seam. Assuming a level coal
seam, the auger ‘is also angled up
about two degrees. If the seam dips or
rises, a compensation is made to keep
the same two-degree difference be-
tween the plane of the auger and the

plane of the coal. A spirit level, cali- -

brated in degrees, is used to line up
the bed of the machine. The calibra-
tions on the level make this job easier.
Whenever possible drilling is on the
butt cleat or at least on 24 butts. This
is done for two reasons: first the coal
cuts easier on the butt than on the
face cleat; second more lump coal is
produced when drilled on the butt.
The deepest holes being drilled are
8 {t._This depth hole takes, in addi-

tlon_to_the 8-ft cutting head, eight

25-ft_augers—all that can be racked
on the machine. Average drilling time,
from the time the hole is started until
the hole-is completed and all augers
are retracted and racked, is in the
range of 45-50 minutes—that is for a
full hole. It takes four to five minutes

location, the auger was irucked fo 2 newly opened pit

Bl S st

to move the auger to the next set up
and seven to eight minutes to level up
the auger for drilling,

Making Turns

Turns are the bane of any auger
operation, and with the coal seam
lying in the tops of hills deeply cut
with ravines, Bitner Fuel has its full
share of turns. The problem, of course,
is to get as much coal as possible with-
out having to drill short holes to get it.
Bittner meets this problem by a proc-
ess it calls “blocking the turns.” As
the auger comes into an outside turn,
the holes arve shortened an auger
length at a time, but kept parallel.
When the last hole is drilled (it will
only be one auger length in depth) the
machine is slewed so that the next full
length hole is drilled parallel to the
ends of the shortened holes. Hole
depths are again shortened one auger
at a time for the next several holes.
This can be continued on around the

~turn if desired or the auger can be

positioned so that subsequent holes
drill into the freshly drilled areas.
The shape of the turn and its size will
dictate how the turn .is completed.

On inside turns holes are augered in
parallel’sets. The number of set§ and
the number of holes in a set are also
determined by the size and shape of
the turn. W' n a change in direction
of the auger 1s made from one set to
the next, the pillar is narrowed down
to two in. at the face.

Winch Auger Into Position

All moves are scaled to an accuracy
of one in. A steel pin is driven into *
the ground by the pontoons on the side
of the machine away from the direc-

An end-on view of the auger a! the completion of its work ! one pit. From this

Ity miles away
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tion of travel, The advanee is meas-

wred from this point. JL is during th
time that the newly augered hole
inspected by the auger foreman in
readiness for the next set-up.

When moving frem a completed hole
Lo u new set-up, the auger is winched
ahcad instead of heing towed. The
coal company bought a second-hand
D-% tractor al u considerable saving
and equipped it with a lyster winch.
Although the tracks on the D-§ are
worn, it has enough traction to stay in
position on most of the moves, If the
pull gets extra huard, the operator

merely spins one track at a time (he '

. can do this because he is pulling
against the winch cable) and digs the
D-8 down. In this position it acts as a
giant demgdman and is well anchored
against any pull it can exert on the
45-ton auger.

The_winch_also_comes in handy for

=i
recoverl

ugers. . This is not

SSury. When it is, the auger
hus usually been lost” because of a
sroken “coupling pin, mot because it
was caught in a squeeze.

81

Crew Size

A five-man crew operates the auger.
The importance of selecting the crew
cannot be overemphasized. To a large
degree it is their ability to work to-
gether as a team, and their willing-
ness, that determines production. Bit-
ner FFuel has found it advantageous to
hire young men without coal mining
experience as crew members. Only the
foreman has had deep mine =xperi-
en e. In addition, there is a general
superintendent of augering who has
charge of planning and reclamation in
addi«ion to overseeing the auger op-
eration.
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Records are kept of drilling time and delays for later study and analysis

The five-man crew averaged 700
tons’ production per eight-hr shift
from June 30, 1954, to December 1,
1954. Their best day’s output was
1050 tons in a nine-hr shift—a lot of
coal from one machine,

Careful and complete records are
kept of the operation. This includes
listing the number of augers used in
cach hole, the depth of hole, drilling
time, an explanation of delays and the
reasons for short holes.

Haulage

Bitner Fuel has contracted its coal
hauling on a tonnage basis. Because
haulage road conditions are extremely
important, the company will only allow
tandem trucks to work for them.
These trucks, with their greater tire
area to carry the load, are not so apt
to tear up the haulage roads during
wet weather. The company also likes

- T
R e Bl

S
N
A

o . e & Bes (o

~ R, N o o “
TN -m;@g;fﬂ?:ﬁ

the Pittsburgh seam ’

to have trucks on the job that will hold
an anger's length of conl—13.4 tons.
When this is the case, truck changes
can be made at the same time that
auger sections are added, and losses in
production time are kept to a mini- .
mum, |
To further cut delays, the company
has designed a chute, for instullation .
at the discharge point on the auger '
conveyor, which can feed coal to the
left or right. Operated hydraulically,
it will allow two trucks to be in load- ; -
ing position at one time. This will |
eliminate the three to four-minute '’
truck change time and mean a con-
siderable increase in production time . r
over a long period,. assuming, of .
course, that there are always trucks ' i
available. o
Realizing that the mined coal is not .
worth anything until it reaches a mar-
ket, compary management has placed -
emphasis on good haulage roads. This
emphasis has paid off. They have |
worked when other strip mines in the ,
area haven’t because trucks couldn’t: s
get in or out of the pit. Drainage is (.
the big problem, and the roads are '
kept well ditched. A grader is used to '~
keep travelways free of hig holes and
well crowned. Access roads are sur-,
faced with limestone, where needed,’
into the pit. Haulage is certainly a
most critical part of an augering opere * .
ation and its importance should not bhe :* |
slighted by poor engineering or lack . i
of maintenance.

Maintenance

Equipment maintenance is handled * @
by two mechanics. All equipment, in- » kl!
¢

cluding reclamation equipment, is "
greased at the end of every operating b -o.‘_l'
shift. Repairs are made, when pos-
sible, on the off shift, or when a par- ..
ticular machine ¢an be taken away ! ..1-\‘,
from its job. In addition to the nie- I;‘
chanics, a welder is used for rousta- - {7
bout work. One of his duties is to |
hardface the outside scroll of the cut- -
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ting head and the inside hreaker. This
is a more important step than might
he first considered. The cutting heads,
of course, are cylindrical in shape and .
protected by a scroll which furnishes
the riding surface as the coal is ' .
drilled. It is almost impossible to ]
make the cutting head perfectly eylin-
drical in the shop. Through use,
though, the head is gradually worn
down to a true cylinder. A close check
has to be kept on the wear of the head
. during this break in period. If
4 protecting  seroll should wear- thin
" enough to allow the shell of the cut-
.~ ting head to rub against the coal, the
head wounld soon be worn through., By
« puilding the scroll up for its entire
+ length with an even bead of hard weld
» " when it shows wear, the cutting head
_shell maintains the protection of the

T oseroll.

} Tree (1

g Bit Changes

( Kennametal tungsten carbide cut-
{  ting bits are used. Bits on the auger
|

are inspected after every hole and any
+ damaged ones are replaced. During
" the first week in March, 1500 tons of
. coal were augered at one stretch with-
* . out one hit having to be replaced. Bits
are reconditioned after use by a com-
mercial bit grinding service.

Bitner Fuel has replaced the No. 8 [ piy, oy ” gr T " :
© cutting bit recommended by the auger ,, ; ol ?gg%:‘?}‘ g“ '& A4 U‘m RZ
* . manufacturer with a No. 7 bit. The Hmeg oo 5

gauge of a No. 8 bit is 1% in. and the
- gauge of a No. 7 is 1% in. The
) ‘rhexefom, are_getting. d._h!)l&—

¢ - Jarger in “diameter, giving_ grea

, cleard he cutting Head and The

. - mugers. “The larger hole has one dis-
ﬁ“.' advantage, it will wander more. This
W, ‘has nof, however, appreciably affected
operation of the auger. When real
hard coal is encountered, the No. 7 bits
are replaced with No. 8’s.

In addition, the coal company is
grinding the bhou]dex of the bits down
to the place that the clearance angle is
inereased from 7° to 15°. While this
does not leave as much metal to pro-
tect the carbide tip, it does reduce the
drag and the company has exper ienced
a 150-200 psi reduciion in drilling

.7 pressure. Usual drilling pressure is
.. mow 1200-1500 psi. == o PR . cooLT e

ir‘ Land Rehabilitation . ,
Y West Virginia law requives that [T 7 . : - . B
(- strip mine operators back fill to the - : ) . :
top of the coal. Two D-8 bulldozers ; .
are kept on this work steadily by the 12 R [ i
(//Z company which goes beyond just back- S : : o S ‘
filling. Displaced overhurden is graded o = L s e . : o !
to the pmrt where farm m'chn‘m\ e L e . S T e e
can travel it.  As backfilling is com- 77 L _ T .o '
pleted, the land is turned over to a :
Tarm subsidiary of the company which
oL, seeds the new land in clover er plants ) . . : . , !
f I Black Locust. The farm -vhsidius - . . . . B
also manages stock farms on . ' . ‘ ' R :
1 properties bought up hy the e . o B
( company. wo D-275 are bopt kury haclhegne o
l
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g f  JOHN R. BAKER, B.A.Sc., P.Eng.
! ‘ ; TR S """1 Mr. Baker is as- ’ T
A N . sistant to the sales .
- ; " manager, G a s
: I Products, - Linde -
s ol ‘ . Air Products Comt !
IR ; |[ , P f pany, Division of
e ol A : 1 Union Carbide .
’ , i K 3 L " . Canada Limited,
. T f e v+ Toronto. He grad-
A ! i : ix)ated fromf the . 3
i § - niversity of To- =
: Ty ’ J~_§JBAKFI¢ ronto in 1949 with JOHN R. BAKER .
! 4ol e i a degree in Mech- 3
ol anical Engincering. He has held various N g
Sl positions with the Linde organization in :
PRI the process development and sales engi-
ik neering fields; and has had wide ex-
N perience in the application of welding

' . in industry. Prior to his present posi.- S e SRR TP
tion Mr. Baker was Assistant Manager, -

. HEADER— *  FUEL INJEGTOR— .
Central District. R -\ ' ‘\ : R
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Mr. Baker is a member of the Asso-
ciation of .Professional Engineers of the
Province of Ontario,.and the American
Society of Mechanical Engineers, On-
tario Chapter.

Corsant.

\ "

T‘fnn ST. LAWRENCE SEAWAY has -

drrdatia..

L . & orought sharply into focus many L T . f\J:\j L ) N
X new industrial developments, not the ; ;o . L S o f '
¢ Ieast of which-is an application em- f ) S o . .o e 5,
"1 ploying the rocket motor principle. = GOOLING WATER . OXYGEN INLET-] -COMBUSTION GHAMBER )
;‘ This principle as developed by Linde B :',,UEL INLET . REAMER= . R

Air Products Company, Division of
Union Carbide Canada Limited has
resulted i /a process called ', “Jet-
Piercing,” / .

]

.

Cross Section of q typical suspension piercing burner is shown here. The
burner configuration in this instance conforms closely to classical rocket design., -

f
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Jet-piercing is being used extensive-
ly by United Waterways Constructors
Limited, a company formed by a
group of Canadian construction firms
to undertake work on the St. Law-
rence Seaway. United Waterways

* Constructors is an association formed
by Angus Robertson Company Limi-
ted, H. J. O’Connell Limited, Found-
ation Company of  Canada Limited
and Pentagon Construction Company ’
Limited — all well-known names in

“the Canadian construction field. The
company is operating at Melocheville
Quebec a short distance from Beau-
harnois and is jet-piercing blast holes
at the upper Beauharndis lock in a
$14,000,000 contract calling for the
removal of 3,000,000 tons of rock.

The biggest problem confronting
the engineers of the United Water.
ways Constructors Limited is the re-
moval of rock. The rock which has
to be removed at the upper Beauhar-
nois lock is called “potsdam sand-
stone”, a fine grained, grey-white,
quartz sandstone with concentrations
of heavy residue minerals which fre-
quently give it a banded appearance.
This extremely hard and  abrasive

What is Jet-Piercing?

-Jet'.—piﬂercing uses thermal energy in

the_form of a flame to_produce .holes

in many types of rock. This form of
energy contrasts with the mechanical
energy utilized in churn-drills, rotary
drills, and jack-hammers. The _jet-
piercing flame is produced in a roc

“type burner, thermo-dynamically simi-
Tar 1o the Tockets being developed for
military use. A liquid .hydro-carbon
fuel such as kerosene or a low vis-
cosity fuel oil is combined with high-
purity oxygen in the burner to pro-
duce .a_flame having 'a_temperature

in_excess_of 4,000°F. In addition to .

this_high temperature_the gas velocity

of the_flame is about 6,000 feet

000 feet_per.

the

second — more than five times
speed of sound.

When this flame impinges._on cer-

tain_types of rock or ore it causes 3’

thin layer of rock to expand sharply
and break away from the base mate-
rial, The dynamic action of the Jet
blows “spalled rock out of the path
“of_the_flame, exposing new rock. This
of_the_flame, ex

e

flaking away of rock particles s

a rocket

AY

Piercing process. Water serves three
purposes: . - : ’

1. It acts as a coolant to preserve
the combustion chamber and nozzle
of the burner.,

.2. It quenches and makes any ma-

L

“terial in the rock brittle that may

have become fused by the flame.

_3. A large portion of the water
turng to steam which carries the sand
and chips out of the hole.

The jet-piercing flame represents
one of the highest concentrations of
energy available to industry. The
mechanical energy equivalent of this
flame at ‘its highest velocity is equal

" to about 500 h.p. based on diesel en-

gine efficiency, yet this energy is con-
tained in a flame not more than 18
inches long and 2 inches in diameter.
The depth of the hole that can be
pi€rced by this process is limited only

B_XJHé"‘lengtHBf'hosps_ (carrying fuel,

oxygen and ‘water)_that can_ be low-
ered down the hole and still maintain
proper fluid pressure at the burner.
The. deepest hole piercd 10.date is 180
feet, however, there is_no indication

= ————

that this i the Timit.

4 mass of rock has to be drilled, shot called j‘Sp?lﬁ@””i?n’_’d;’i_ija_(;:'pfihcip!e T
" and removed. This drilling problem On. which the Iet'Pf?_rf‘_“E_Ef’,ce,s,s. B Applications ~
o was solved by Linde‘ Air Products ased.
P Company, with the - introduction of" Ig_miqn:tgﬂgﬂimfaﬁmhgnlﬁcx All rock formations do not pierce
i jet-piercing. tor, water, is_essential 1o the Jet- equally well wiih a jet flame. Piercing
P ) T T e e :
A
< |
-
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speed varies according to the spallabil-
ity of the rock. Some formations .do.
nol_spall and_in_these cases melting
: in_the rock. Quartzite, sand-
stones, granite and granite-like rocks
and dolomite are practically 100 per
cent spallable. Taconite and specular
hematite are also excellent “spallers.”
Diabase traprock and some low silica

- and coarse-grained granites have a

tendency to melt. These formations
can be pierced by a jet flame, but at
slower rates than the more spallable
rEcKEfT*" '

“Jet-piercing has made enviable rec-

. ords in certain-types of ore including .
7 the hard
- known as magnetic taconite. In the

abrasive low pgrade ore

» These facts and figures do not
mean that jet-piercing will displace
pther methods of drilling for all rocks

nd ores. Many materials are drilled

more economically by methods other
than jet-piercing.

! In a crushed stone quarry for ex-
Ample, the objective is similar to
that in the mining of iron ore —

break the rock or ore into chunks so
: .

it can be handled by a scoop or

shovel. A fast, economical method for

getting well-fragmented rock is avail-
able to the quarryman in jet-piercing.
Jn_one instance blast_holes_in granite

were_produced at a rate of 34 feet-

per hour and as much as 195 feet of
hole in an 8-hour shift.

In mining ore or crushed stone, ther
condition of the product is not..as”
important since all of the material
is removed with the handling equip-
ment available. In the quarrying of
dimension stone however, it is most
important to obtain large regularly
shaped pieces of granite or other
stone. As sections of stone are clt

or brace of stone is left between the
holes. After several holes have been
pierced stresses in the rock crush the
braces. This leaves an undisturbed
block of stone free from internal
stresses. By leaving wider webs be-
tween holes collapse of the stone mass
can be closely controlled. Jet-piercing

makes holes in dimension stone at an -

average speed of about 25 feet per

" the natural

~
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This illustration shows the- flame of o
suspension piercing burner above the -
hole. Directly below the hole is a
casing pipe which is used to prevent

of Jet-Piercing

N

Flames compact in size and of ex-
treme high temperature and ever in-
creasing intensity have been' used,
throughout industry since the turn of

the century. The first of such flame

to be ihtroduced was ox- cetylene
which was used for weldin;g/,q cutting,
heating and heat-treating steel. Some
of the other important flames which _

were developed later are the air nat- . .-

ural gas or air oil flame used in the
open hearth furnace for steel making,
gas-air or propane-air
flame for heat-treating furnaces, and
the oxy-propane and oxy-natural gas
flames of fire finishing of glass ware,

Although the fuel and the design
of the burners used to produce these
flames differ, the} have two common
characteristics:

1. The velocity of each of these
flames is below the acoustic velocity
of the gases used to produce: them.

2. The actual ignition or burn-
ing of the gases takes place outside
the burner itself. ’

Some ten years ago, experiments
were conducted with a radically dif-
ferent jet-type burner. In all burners
previously developed regardless of
the gas involved, the fuel ignites -
after leaving the burner as it reaches
the atmosphere. By contrast, in the

[ A S S SIS -PI AU ey

I hich i 1 st . excessive washback into the hole when
;;, + United States at Babbit, Minnesota aWay, high internal stresses appear I 4 pole is started in a hollow or depres- .
it for instance, 176 feet of 7%-inch the base rock. The quarryman’s main  sion. With this type of rocket flame t-
Iy - ! - i iercing speeds in spallable formations |
N diameter blast holes have been made Problem is removal of these stresses piercing . 0
ey R . . e Wi i h b k t d 50 feet b
¢ during a single shift. This is more with the least amount of damage have been "°;Ve’: hour. ¢ ee 10 BRI
o than 10 times the footage made by 'O thg stone. Jet-piercing in this ap- ‘ ¥ 35
'w the best churn drills. Another type of Plication is not used ot make bl?St : . a8
i mechanical drill made only 30 feet of ggleesssegut is used to relieve internal hour. By this application of the jet- L
{ 5V-inch hol; %erhshlft in similar olr;,, : o . piercing principle, loss of valuable i
.+ This latter drill has an average bit giress relief is accomplished by stone is kept.to a minimum. | "
N life- of 76 febet as fﬁ?Parid W"hﬂ:h? ‘making a row of holes in the stone, \ f': '
1o - jetpicrcing burner life of more than  4cp being about seven inches in h .
: = T e r ) |
LA 3,000 feet of hole. diameter. An eight- or nine-inch web. The Deyelopment and Scope - ‘ !

Tocket or jet-type flame combustion
takes place inside the burner in a .

Linde jet-piercing burner shooting flames into the earth at §t:, Lowrence Sea-
way to speed production of blast holes for removing millions of tons of

L

s . . ~ I
rock. The revolutionary development cuts rapidly through. rf:ck ond produces reaction Cham'ber.. Th.ls flame is the - i
suck. holes up to 10 times faster than conventional drilling methods. heart of the jet-piercing process. A
. . : P
| " ‘ | o
e, < o e
T T oo oy e TR I e T B R e e B ‘
' " A S0
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Proce;s Components )
of Jet-Piercing )

OXYGEN -~

There are several ways-in which
oxygen.can be supplied for ' jet-pierc-
ing. The most economical method of
high purity oxygen supply consists of
two stages. In this system a produc-
ing plant installed near a mine site

der trailers to a pressure of 2400 Ib.
. per square inch. The trailers are then
- hauled and parked close to jet-pierc-
- ) "ing machines on location. A single
S K trailer carries enough oxygen for eight
! . to ten hours operations>Since all oxy-

gen producing plants are subject to
- periods of shutdowns for repairs, a
i liquid oxygen storage unit is used to

T % ' * supplement the production from the
R < plant, Thus, this combined method of "
e : supply assures available oxygen at all
S times, in spite of periodic plant over- -
" ‘.;.j - haul. In this manner, Linde also’
e i makes it possible to provide for in- .
e i creased oxygen demands which may
N * arise from time to time in any multi-

ple, oxygen co/nsummg, operatron like
]et-plercmg \

In other cases, oxygen is delivered
in liquid form by specially construc-
“ted trucks or railroad tank cars. It is
then pumped into insulated storage
equipment located on a quarry or
mine premises. This liquid oxygen is

| automatically converted to gas and

conveyed by pipe lines to the jet-
piercing machine.

Linde Air Products Company,

also stores oxygen in cylinders mani-

- folded together which supply auto-

matically at’ the correct operatmg

fills 75,000-cubic foot capacity cylin- B

 where it serves-the three purposes

s '.'.‘
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OPERATIONAL TEST PERIOD — JET-PIERCING — ST. LAWRENCE SEAWAY*

: |
Shift

Operating Factor

Drilling (Based on Weighted

. Day Hours Time (Hrs.) Footage Total shift Time)
/‘ 1 10 5.9 ' . 130 65%

2 10 4.3 60 . 43%

3 10 5.1 90 } 64% .

4 10 5.3 68 509 =~

5 10 6.3 56 . . 63%

6 10 4.9 89~ | 49%.

7 10 . 5.7 146 v 57%"

70 37.5 639

,;'f o Dnllngate—l?Oft per hour
’ i . S Operatmg—57 19%

‘At the present t1me drdlrng footage runs at close t,o 20C feet per 12 hours shift, *

v pressure of arpproxlmately 125 1b. per

square .inch as it is peeded. Pipelines
or flexible hoses carry the oxygen to
‘the jet-piercing machine and to the
burner. Here, it combines with the
petroleum fuel to produce the ]et
_flame.

O1L

. Light petroleum base fuel is usually
delivered by truck to a tank near the
jet-piercing unit. The fuel pump on

jet-piercer draws the petroleum

-a
from the tank and pumps rt to the

burner

WATER

A'line carries water at approxi-
mately 60-lb. pressure to the burner

_mentioned earlier,

LATEST EQUIPMENT

The latest ‘equipment in commer-

o . - 3 -

ok

Y e

s
L3k da

e

. e Roadam
o Q".."_uiyw e et b

U

- er methods

After the completion of blasthole drilling with' suspension piercing eq_npment
the holes are loaded with explosives and detonated. A typrcol blast in a
granite quarry a few milli-seconds after detonation is shown in this illustration.

"cial use is a mobile ]et-pnercmg ma-

chine. Mounted on a tractor tread
carriage are the operating controls,
blowpipe boom from which the blow-
pipe is suspended' and the process
fluid supply pumps. This machine
makes a minimum . diameter blast
hole in granite of approximately five
inches,
depths of 200 feet.

" "Among new features tested in cur-
rent experrmental operations, are
automatic electronic controls which
start and stop and raise and lower
the blowpipe. These automatic fea-

tures ensure accurate control of piéc-’
. ing speeds and provide greater econ-

omy in fuel consumption.
Jet-piercing produces blast holes in
taconite, quartzite, granite, syenite
and sandstone at speeds up to ten
times faster than any conventional

* drilling methods. However, speed is
‘not the sole advantage of jet-piercing

— it is a safe, easy process for pro-
ducing blast holes and blast hole

_chambers. Jet flame applications have

increased yield per ton and reduced
all over costs.

.Granite Quarrying Operations

BrAsT-HOLES

One -of the latest uses of jet-pierc-
ing is producing blast holes in crushed
stone granite quarries Producing
over 100 feet of hole in onc shift is
typical of Jct-prercmg operations in
granite. Jet-piercing averages approxi-
mately 20 feet of hole per hour and
has attained speeds of as high as 50
feet per hour. These high speed per-
formance records of a jet-piercing
process compare favorably with old-
of blast-hole making
which sometime average no more than

1¥2 up to 2% feet per hour,

Average speeds are less in loose

and ¢an penetrate up 1o .

rocK tﬁan Jinsolidrock and it is offen

nccessur?’ {0_case these holes as in
other blast hols™ producing “methods.
The “jet ~flante - maintains  a straight
course through loose rock formations.

The jet- prercrng process ulso pene-
g
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4
where  “back

tralcs. successfully

:break“ conditions “dfe—bad-although

Speeds” are}lower as in the” case of
Imock Opcratmns arc_complefe-
cessful in_spots_where it is dif-
ficult. and _somctimes impossible _to
put _down _a -hole by~ conventional
methods.
.space blasts exactly as required re-
gardless of rack conditions.

A hand blowpipe first introduced

' for commercial use in 1950 by Linde

Air Products has filled the need for
a fast low cost method of putting in

‘well suited for “block-hole” opera-

" “tions in taconite, sandstone, and quart-
" zite etc., where speeds average 40 to
- 50 feet per hour, In granite average
© speeds are from 22 to 25 feet per
' hour. The blowpipe weighs onhly 17
« Ib. and can reach a maximum depth

of five feet. Because it is so light in

“.construction continuing holes much
_beyorid this depth with the hand
. lowpipe is not practical.

.SAFE EAsy CHAMBERING '

The vastly improved method of
produclng chambers is an important
'feature of the jet-piercing process.
\The jet-piercing blowpipe can in-
‘crease the diameter of a blast-hole to

aLcarllke chamber at. any desxrcd‘

“This -enables operators to

It is particularly

nl above or below the quarry floor
evel — this 4llows extra explosive
charges to be placed exactly where
needed. A chamber is produced by
makmg a second pass with the blow-
pxpe or by slowing down its speed
‘in. that secfion of_ hole where the
“thamber is désired. S

ecause of the more accurately
loaded blast-holes inade possible by
chambering “toes” are minimized al-
most to the point of -non-existence,
and the fragmentation obtained is ex-
cellent. Consequently the amount of
secondary breaking required is sharp-
ly reduced.

Today, jet- plercm.a hds come of .

age and is mcreasmg efficiericy in
the quarrying and mining of numer-
ous rocks, and ores. It has been estab-
lished as a fast eco.umical method
of producing blast holes in extreme-
ly hard and normally “difficult-to-

- drill” materials.

The following is a partial list of
materials which can be readily pierced

" by the jet-piercing process.

) Average Speed
Material Pierced feet per hour
1. Coarse Granite 20 |
2. Ballomitic Limestone 31
3. Quartzite 28
4. Syenite 20
5. Taconite 20
6. Hematite 14

70 EXPLORE AND DE VELOP MINERAL WEALTH OF BOLIViA

nada and
have an-
- jointly
orpora-
mineral

Vitrg’ Mincrals Corporati
cd the formation of
Bolivex

.VENxT/ﬁs Limited of

company,

otchkiss of
Birkbeck;

and ground
geoph ymc.ll survcys was pNesented to
Bolivian -President Dr. Herrpan Siles
Zuazo.\_ The new corporatioh is ex-
pcctcd t
spring aftchthe detailed arra gcments
are completed with Bolivia /gove*

-~ ment offlcu/’lq
Vitro Tz/ncrals Corporatlo\n is own-

de joint}§ by Rochester ahd Pitts-
burgh Gbat Company and Vitro Cor-

h

commence field w'rk this

-duslrin{ organization activg’ across-

.

the-board,in atomic energy from the
miningZand refining of stfategic min-

‘erals/to the design and ‘tonstruction

Mechanical G‘ob developed by, R. Blair
in South Africa. The device was success-
fully used iff conjunction with; a triple-
deck stagefto establish a wz?ld sinking
record of//597 feet. in a fmonth. De-

i

scribed iff’ October issue CMJ, page 96.
T
e Prap T e 1'7""-"“,?."' R

“last 30 feet of Mrifting

Jowed for in{he current - reportsy

RIS AR

1

Ccmodicm Mining Joutnal 111
of nuclear/chemical and m rg-
ical facily

Venlu cs leltcd, an nlernalxonal-

research in
ada, Europe,

port received
gineer at the
property being
Explorers Allianc
ing, “Drifting is
shift schedule op
West Foxrock

exceptionall

an averag width of three feet.

seminated/ in addition Hefinite
zones of | massive " galena W, hm the |
crushed z [

stringers three to six inche wide. The .

treacherous sheared granit

within the c ushed zone of
posed gran } have caused unexhected ,
heavy fall of faulted blocks ‘of

ite. Arching the backs ofthe q‘nﬁs i
will rcduée the hazard in futuw/ ) :

end will also
cross-cut to explore p r'l"t.l
structures,” )

vein
N .

9.0 per ceny/ |
zinc for the next 20 feet over jver- _
age widths {'f three fect. ’
Metal valye of this footage IS/$29
estimated prody ctlon '
costs of $11 a\ton, accordmg o Ex-
plorers Alliance \managing digector J.
F. Jupp.

To accelerate ] assay re (rns the
company is settl g up a completc as-
say office on sife, he said. € new
office will alsb be capable ofVassay-
ing silver and copper values ndf al-.

iy

The  drifting *~ program is Being
pressed on a tl?\eﬁ-shift schedulé, and
the adit at a second major vei "on the
same property ha reachcdr?

proceeding.to re-open the old

s
_-—/
‘ and 'is
‘shaft.
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84 Conadion Mining Journal ' : o . , . August, 1956 !

“gobbles up”_the Jloosened coal and
deposits it gently and without mo-
mentum_ at “the_rear of the machine s
% hile the 30-fon mechanical “device . ‘ '

~slowly crawls forward on caterpillar

“treads. These treads and the cutters !
are powered by a pair of separate - " }
electric motors. L ;,,{""

Once in operation, this novel and - n
E@f@fﬂ'ﬁ&‘?ﬁﬁ’b@’ “controlled by .- Y

. “only one man. A push-button remote .
control box will be slung around his * .
neck. The cost of the machine (which B b
will range anywhere from $75,000. | ki
t $100,000) may prohibit its wide i
use, engineers point out, although it ‘
~would pay for itself in production . . E

- "alone. The figure of 50 tons'a man- :

" day is a realistic rather than fancied

: < . ~ figure which tests have shown.

' Joy TM 21 Twin Boror, Miner ' ' . gThe boring arms of the device will ¢

v

g - . e . _stand up under pressure, for they are 1
Revolutlon on .I-he Coal Fron . heavy steel alloy castings with inter-
. ) " : » . ‘ : nally-mounted hydraulic cylinders re-
©) Ly g : * tracting each arm 11 inches for clear-
‘ ; o - by ' t _ - ance. The center section of cach arm L
RAY FREEDMAN ] and the. cylinders remain the same, . ",
v : regardless of the diameter bored.
_ ¢ : , Only the end sections change appre- )
AFTER months of concerted tests outside of the unit for easy servicing. ~ciably. The boring arm assembly is o
a new and revolutionary device Operating controls are centrally lo- driven by an 8-inch diameter alloy .
which. promises .to up coal production  cated for convenience. Boring arm di-’ steel output shaft from the main bor-
at least 75 per cent, was introduced. - ameters.-can. be changed in 4-inch in- ing arm transmission. ’ .
‘ recently in Pittsburgh. It is the TM  crements from six feet to seven feet  The.two 100 hp. continuous main . = !
2-1.Twin_Borer Miner, produced by by deviating arm end sections of dif- . duty motors provide power through: ™ ’

the Joy Manufacturing Co. of Pitts- ferent length, and raising or lowering front primary gear trains and uni-

. _:lhlrg@a: FEem T . . the main transmission two inches for versal _ shafts to both sides of this
. A w"orkmg model of the machine each change. Additional heights up to transmission. The right gear train - .
. was displayed at the Coal Research - twelve inches are cut ‘with the upper also powers the lower trim chain. The = =

Conference in Pittsburgh a short time  trim chain, which is quickly raised left gear train on the other hand

~

»

ago. Mining engineers from the Uni- hydraulically to the precise location ~ powers the upper trim chain. The -

ted States and Canada were amazed, wanted. rear of the left main motor shaft ' . '

aqd not a little awed at what they Pivotally-mounted at the rear, _the drives a variable volume pump, which !
witnessed. It was the general opinion rugged main frame may be hydraul- supplies hydraulic power for traction. ! :
of all who had seen the machine and ically Taised or-lowered and tilted to A constant volume pump for the w
tearned of its performance, that it =ach side for properly following the other hydraulic machine opcrations is "l

- would doubtless revitalize the coal coal seam. This frame and the upper = powered by the right rcar motor. s
mining“industry wherever it is used. {rim chain, weighing.a total of 56,- Right and left transmissions are shaft 1.

Since Fhe average man-day output 500 pounds, act as a unit in resist- connected for exact timing of boring S
of coal in the best regulated mines ing radial or torsional shocks created —arms and an equal division of power.

averages about 82 tons, and the me- during Ymachine opération. Rear hing- Individual clutches protect all mot-

ch.amcal miner 50 tons a man-day, ing of* frame and tractive resistance  ors and trim chains. A special metered

this spells a mean increase of 600 per of crawler treads increase machine rheostat unit permits the balancing Ty

cent. . ' : © stability. of main motors without overloading. '
This continuous mining machine There can- be little doubt that the Nothing is left to chance. The rcar

uses the boring principle to cut full machine is very convincing, as miner conveyor, of conventional design, is
face at the rough rate of eight tons or engineer watch the rotating_bit, 30 inches wide and powered by two
a minute. Crawler-mounted, it has (from the outset of operations) cut 15 hp. motors. It swings 45 degrees’

two_boring arms and two sets of twin  with_a_one-two precision_ movement  to either side, and has a heavy-duty A

chains_ which cut_an _arched shape several inches deep into’ the coal face. chain with a 2V4-inch pitch.  The gm

) for roof control.._.1ts full_face_cut “Fhen, without pause or let up, into crawler chain is of twin-link design

' varies from. 5 feet 11 inches to 7 feet the coal circumscribed by the ring, with a 7 feet 10 inches differential

Ll inches high andllteet 8 inches thence cracking, it loose. between sprocket centers, and an 18-
kR t_q_iZigg} 8_inches. wide. It trams Six of these precision mechanisms  inch shoe width.
o while boring at up_to 42 feet a fin- form the cutting head of the machine. Although the United States Bu-

L_thz_;__!)rlgr_l_lg from mir}ed opening at up They are so'set that their rings, each reau of Mines characterizes the ma- \ '
to 2../; feet a minute. {\ll‘ cutting’  about three feet in diameter, overlap chine as “eyolutionary rather than
surfaces_ retract hydraulically for slightly. In the _wake of this not too revolutionary,” exhaustive tests have

lgol,bh_r'gzgfwgpd wall_clearance.”  All complicated operation _a_converging . shown that the mechanical miner will
mechanical and electrical ~ compon- system of metal conveying belts, act- ‘'be worth its weight in coal — if not ¥ b
ents arc readily accessible from the 'ing similar to a tandem giant maw, gold! ' o ot

N
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WWPARENT POSITION
MINE OPENING it "R“(')“F' fo'LE' ' DIFRACTED !
o ' HERE 2~
o R ! SURVEY]
SURVEY S . b2
. STATION TN Te— ! 7 STATION

<*POSITION OF
N, HOLE

~~TEMPORARY
BASE LINE

0 5 10 15

SCALE IN FT

FIG. 1. BEARINGS PLOTTED ALONG survey
station lines indicate position of deviated hole.

———

A ~~SURVEY STATION

FIG. 2. DUE TO DIFFRACTION OF RADIO WAVES in rock and air,
position of the hole will be outside plotted position, but in same plane,

ROBERT P. CORBETT
Mining Engineer
Kelley mine, The Anaconda Co.,
B . Butte, Montana

APPLICATION OF THE RADIO DIRECTION
EINDER _ PRINCIPLE | has . eliminated
probe drilling, sounding and the use of
deep-colored dyes in water-filled holes
©, as 2 means of locating deviated drill
" holes. This rapid, reasonably precise
and cost-cutting method is finding lost
diamond and churn drill bottoms at
Kelley mine, Butte, Montana.
Diamond drill holes for drainage
are usually drilled from one accessible
. drainage working "to another. Churn
drill holes from the surface are drilled
to accessible workings underground;
serving the two-fold purpose of pros-
pecting and opening-up for later in-
troduction of air, concrete liners or
electrical cables,
* Both types of drills require careful
and accurate setting for a successful

90

holing to the target opening. Even with ,

How Radio Locates
Drill Holes Underground

careful setting a drill may deviate. One

way or another the deviated hole must

- be located. Once the location is known

the hole can be exposed by removing
ground in the proper place with a
minimum of expense and delay.

First Try

It was the failure of such a hole to
connect in the Kelley mine that led to
the conception, construction, trial and
success of the radio direction finder
method for locating deviated hole
bottoms,

As part of the Kelley drainage sys-
tem, two parallel NX diamond drill

- holes were drilled from the 600 level

to a small crosscut south from the end
of the main shaft on the 1100 level,
Vertical distance was 455 ft. The first
of these two holes wag drilled and
holed to the target with a- surveyed
deviation of only two feet.
Unfortunately, the degree and direc-
tion of deviation of one Kole may have
littie or no bearing on another drilled

adjacent or in similar ground. The sec-

ond hole, which was offset two feet
from the first and on same dip and
strike, did not hole target after drill-
ing to proper depth. The usual test
holes, soundings and dye tests gave no
clue as to the whereabouts of the hole
on the 1100 horizon. It was at this
point that radio direction finder meth-
od was conceived and tried. Burcau

of Mines test at Mammoth Cavé jn

1929 gave us the basic information.

“Assisted by the mining engineering
department of Anaconda Co., we tried
the following method: A radio signal,
was introduced into the bottom of the
drill_hole and bearings taken on the
source_of the cignal at the t1arget level

Jhorizon by means of a radio direction

finder. Bearings..were_ plotted_on _a )

simple sketch and the point of inter-
section_of the bearings gave the point

of origin of the signal; and the loca-

tion of the drill hole,

On the basis of this -information,
ground was removed at the point in-
dicated and the bottom of the hole
exposed. Hole had deviated about 15
ft into the crosscut wall.

Since this first trial, more than a
dozen holes have been successfully
located in drift and crosscut walls, De-
viations from 8 in. to 24 ft have been
located. In"several instances crosscuts
were driven to intersect holes a inter-
mediate horizons simply by following
the directions ‘as indicated by the ro-
tating loop antenna on the receiver,

Engineering and Mining Journal—Vol.156,No.9
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“Transmitter Is Small

Transmitter used at Butte is a single
tube, self-excited oscillator employing
electron coupling. Comparatively low
frequency signal is used. Tuning cir-
cuits of the transmitter operate on
any frequency from 200 to 500 ke.'
This frequency was chosen since it
required only minor modification of
readily available cquipment.

Transmitter,  small,_self _contained
'md weighing_ only a_few pounds, is

gowcru.l _by 6_volt bdttcry or four No.

6:1§y cells. in_series. Vibrator “supply
furnishes plate voltage. About 250
volt dc is required. Qutput of vibrator
supply is unfiltered so that the 180
cycle frequency of the vibrator modu-
lates thectadio signal at the same fre-
quency, making it audible and easy to
identify.

_Elfective power of the transmitter
is 3 or 4 watts. Radio_frequency
encrgy. generated. is capacxty -coupled -
to a wire, onc end of which is lowered
F“fmom of the drill hole. Wire
SCives as antédna and introduces the

CIVES a8 2

sngnal into_ the ‘target_area. Single con-
ductor ‘rubber-covered telephone wire

has been used as_antenna and has been
lDwered inlo holcs,pSQO ft deep, Insu-
lated wire is required to plevent leak-
age of signal to ground, since most of
the holes are damp or water-filled.

Receiver is bauery-opcrated broad-

e
cast_ set. with some minor modifica-
mns ‘Modifications include the shield-
ing “of the entire receiver in an
aluminum cabinet, extending the tun-
ing range to include those used in the
transmitter, the_addition._of a_rotary,

loop antenna and earphones to exclude
fioises commonly cncountered under-
g,lound Loop, about 10 in. in diam-
ofer, is shielded and. balanced to
ground in order to eliminate anti-
Marconi effect, which would impair
the dlrccung characteristics of the

antenna.

Method

In_pfactice the antenna wire is
lowered to the botlom of the. drill hole.
Transmiticr 18 coupled and

then

‘turned on. Once in operation no fur-
ther attention is required during the
survey. At the target area the signal is
tuncd-in_on_the recciver and a short,
ase_line.is established.

Base line is usually established with
reference to a mine survey station or
is actually connected between two
stations when possible. Af points along
ww:m 13 loop of the

receiver is, rotated 1 lucxn}}pe thu.
Bearing of the signal cor commﬂ'from the
antenna 10 he dril_hole. Rotation of
the Toop thiroayh 360 degrees gives
two points of maximum response and

two null points. Null points, sharper

than maximum position, are used to
plot bearing.

the ngEal “and nol the dlrecuon from

—
Wthh “the sq,nal 1s “coming sevexal

o ﬁx _the_signal. "Common intersec-
Tion of all bearings indicates hole.
From the point of common inter-
crom the
section_a _ erpendlcular is drawn to
The base line so that the distance from
‘the base. survey point to a point di-
1eclly opposite the hole can be deter-
mined. It is along this line that excava-
tion is made to the drill hole.
Equipment and method have proven
valuable and yield considerable sav-
ings in recovery of deviated holes.
Results have been successfyl in the
Butte district granite and in the lime-
stone and chert in the Conda, Idaho,
operations. of the Anaconda Co. A
minimum amount of interpretation of
data or calculation is required after
the survey is completed. Holes were
drilled into the crosscut walls and
intersected the deviated hole at the
position indicated by the survey.

Range Is Definite

Water-filled _holes.or_those in _the
vicinity of _metal-bearing_ veins . or
f’uuits present no_probiem. - Experi-
ments coqd_ugted to date show a prac-
tical and definite range for the method
owing’ <to_the high “dégree” of  absorp-
non 1_of .the radio encrgy by the rock,

““Amount of absorption depends on
rock conductivity, permeability, di-
electric constant and the frequency of
the signal. Maximum range of the
equipment and frequency used here at”

¢ paieaiiiay

Kelley_is about 40 ft. Waves of much

lower_frequency_ would undoubtedly
yield better results.

“Owing to the he difference in vcloc;ty
of radio waves in ground and in air,
some degree of diffraction of the sig-
nal occurs at the disconformity or
crosscut walls. Because of the.nature
of the medium through which the
wave travels other diffractions and re-
fiections are probably present. Holes
appear_to ! _be _closer _to_the. mine f ¢ face.

than_is_actt 1_is actually. the case. (Fig. 2.)
“This is academic, since the direc-
tion line to be followed to expose tiie
hole is of primary importance. This
line is normal to the base and indi-
cates the shortest distance to the hole.
Inasmuch as an antenna wire is

needed in the_hole,” drilling rods or

tools must be rempvcd from the hole.

The method. 5 fimited to down holes

or_holes with_ sufficient “dip_to allow
“the_wire to. be Towered.ic the bottom.

Tn both churn and diamond drill
holes cased with steel pipe this method
will work, provided a short distance is
left uncased at the bottorn. Signal will
not pass through pipe effectiveiye

September 1955-—~Enginecring and Wiinivg Jearnal
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the many yequests for further informa-
innuncn offers thg/follow-

A bibJiography of hterat fe covering
nethod of analysus‘lls available
MJ to those intetgsted.

EDTA

tilled wagér (0.05 N).

Bulfér solution is prepared/by dis-
solving 350 ml concentrate afimonium
hydrog'de and 54 grams/ammonium
idé\in one liter dlstfled water.

Mangantse salt of EDTA is pre-
pared by dissolving 0.02 mol manga-
nese
ethylenedis te and 5
ml concegtrate ammonium\hydroxide

0.1 giam ascorbic acid. Titrate; gamst
T with either 0.01 N EDTA or
manganese sulphate

¢c. the main portio (975 ml)

phate, dep \inding upon t
tained in the test titration. Add suffi-
cient amoynt of the corrget reagent to

s give slox}lometnc solution\ of manga-

nese salt of EDTA.

Ir n determination s
made on separate sample and step
" is omitted from the proceduxc

titrating copper add 20-30
ml triethanoline (1:1) gnd rapidly add
10-15 m}/ KCN and {0 ml concen-
trated ammonium hydroxide. Dilute
to 300/ml with boiling\water. Add
ascorbic acid until néatly colotless.
Add §-10 grams ammonium fluoride;
¢ ol akd titrate Pb-Mn against Erio
T with }Q.0! or 0.05 I EDTA. To-
ward the dpd of the tiffation add 5- 10
ml mangangse salt or/LD TA for better
end point.) Use clegtric light behind

beaker for better Yjsual end point
control.7
Alternate method to thg above is to

less. to the hot dilute Solution after
decomposition (step \J(. 1) and then
titrate  hol for Ph-MixC a-Mg with
Erio T and EDTA. Cooand titrate
Zu as in step No. 3.

add ascdg}i’lc acid, until ficarly color-

/
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FlGURE l—-Thls is the basic concept of the primary element of the ’
. turbo drill as designed by Dr. C. G. Cross in 1873.

v

Specml Turbodri" Report

I Turbodirill Development—
i Past and Present

A roundup of turbodrill‘devclopfncnts from
" 1873 to the present with reported results compared with

* modern rotary methods.-

By J. H. THACHER, California Research Corporatlon

and

ALTHOUGH MUCH OF THE perform-

¢ ance data on turbodrills are based on
_ official reports from Russia, a recent
: and comprehensive French engineer’s
! appraisal shows that basically the

new heavy duty turbodrills have am-
ple power to exceed the performance
of the rotary in medium or hard rock

« drilling.” The mechanical develop-
" ments leading up to the present day

turbodrill are noted and the stcps

N\ December, 1956 » WORLD OIL
\1\\:‘ ‘.
I

i, -;‘L '.")’) .} "

* W. R. POSTLEWAITE, The Standard Oil Company of California

neceded to demonstrate the economic
possibilities. of the new tool in the
U. S. are outlined,

The increasing difficulty in finding
large new sources of domestic petro-
leum and the higher cost per barrel
of such oil, are further pressures com-
pelling a critical review of our present
methods of. drilling and to consider
their improvement,

Drilling Research, Speaking from a

RUNNER —
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FIGURE 2—This ‘is an improvement of the Cross turbo drill dcsugn
as undertaken by M. C. Baker in 1884,

rescarch viewpoint; to reduce drilling
costs materially we must continue not

_only to improve present methods, but

to seek new and better methods of
penetrating and removing rock. Much
further research is needed to exterd
our knowledge of the basic physics
and mechanics' of drilling. More
should be understood about the proc-
ess of rock failure beneath the b1t,
and what physical properties of the
rock are most. important in this
process. The effect of overburden
pressure and the mud column pres-
sure on’ the bit’s ability to penetrate
should be known. The stgess distribu-

_tion in the rock at the cutting face,

and the effect of this stress distribu-
tion on chip formation should also
be understood.

In short, while we have learned
something about the basic principles
important in drilling through rock,
much remains to be known. The end
result of this scarch might well be
an entirely new process of rock pene-
tration. By “ncw’” is mcant something
like drilling with the energy of sound,
or with thermal energy, or with any
type of encrgy used in a manner quite

Drilling Section » 131
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. FIGURE 3—This s:mple, multi-stage, axial flow, turbodrill was de-
veloped by C. C. Scharpenberg of Stundard Qil Company of California

. and potented in 1924,

) diffci‘ent from our present direct ap--
".plication of mechanical energy,

Aneentirely new process could take
many years to develop. In the mean-
time, there are several different

i schemes of applymg mechanical en-

T
i3

132 w

~ergy to the bottom of the hole that
.are more apt to result earlier in a
tool better ‘sulted to our field use.
Three of ‘these are currently under-
going extensive research and develop-
ment; ‘the first two are new percus-
sion tools, and the other is the
turbodrill. Teis pertinent to note that
all of these place the power unit at
the bottom of the hole.

1. Magnetostrictive drill by Drilling
Research, Inc. The drill opelates from
alternatmg electric current in a man-
ner basically different from the usual
- electric motor or solenoid. Aside from
this unique motor, the main point of
the: DRI method is that the bit can
-be made to strike the rock at several
. hundred cycles per second.

* 2, Sonic drill by Borg Warner. This,
7 like the DRI drill, is a vxbratory per-
- cussion drill, The power i§ transmit-
ted to the 150 to 200 hp downhole
turbo motor by the mud stream,

‘ .ratbex‘ than by electricity, and the

Drilling Section .
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FIGURE 4—Early Russi

frequency of mechanical vibration is
much less.

3. Turbodrill, The turbodrill, which is
in a more advanced state of develop-
ment, will be discussed.

What is the Turbodrill? If the con- .
ventional] rotary drill is considered to
be approaching the limit of its possi-

bilities, as some informed people have
reason to think, the present day tur-

bodrill may now be described as the
promising economic substitute for the
rotary, particularly when drilling in
rock below 6000 to 7000 feet. On this
basis, the turbodrill is evidently on
the thrcshold of widespread use’ in
the medium and hard rock forma-
tions where it is most applicablé’ and
effective. The turbodrill may be de-
fined as a drilling process which has
the important characteristic of main-
taining its power available at the bit
regardless of the hole depth. This is
not true of the rotary which rapidly
loses much of its power due to friction
of the rotating pipe in the hole that,

at depths below about 6000 feet, it

- has sacrificed most of the table’s input

in drag on the mud and on the hole
wall. At 10,000 feet, it has inadequate

\

. patented September 15, 1924,

"optimum drilling conditions, Quotmg

" the bottorn end, and finally the 80 §n§§‘|"

ian, single-stage, high speed mud turbmﬂ.

power and speed at t.he blt to samv

from a French article—“It is dcucgu 4
edly an:impasse where such.a rcliiM .
tively small tool (weighing about "ﬂf) o
pounds) is turned too - slowly . in’ ‘ug
system that must expend as much m
90 percent of the power applied’ gu
merely rotate a ‘tool holder’ wcxghui '
over a hundred tons,”

The modern turbodrill has h.}.‘( :
basic parts, These includé an extcrnql W
cylindrical and nonrotating body, ;
central shaft that is guided by rubbg
thrust and radial bearings, and whi Qz' B
cafries the bit mounted directly ‘oz,

100 turbine stages. Each of; tha
stages is composed of a fixed state
solidly mounted in' the main. bod:
and having blades which direct -tH#)
fluid toward similar. curved blades |
the rotor element mounted ot}
shaft. The mud, in flowing rapid]
downward through the turbine hiag
ing, imparts reaction torques on -t
blades of each runner to drive tf

cools the various bearmgs The c‘ini
rx\'e cffect of the torque rcacuo



|pp devclop the power to drive the bit.
wsomlike previous experimental tur-
{Os “the' ncw models_have an abun-
‘émee 1ce of power and torque, and are
Hots wpm‘ted to have practical durability.
i & zThc horsepower now ranges from 300

i'tons, and the running torques are on
iithe order of 2000 to 3000 lb.-ft. This
; lS enough to turn eflectively almost
h l_.,‘;any bit.

| &'The Important Beginning. The ear-
*\‘hest record of any liquid-powered
',_turbodnll for boring wells credits Dr.
; jr,C G. Cross of Chicago, who in 1873
i adisclosed the basic concept of the pri-

f;x"lmary clement of the turbodrill in his

if iU. 8. Patent 142,992, His design is

I ishown in Figure 1. It was this single-
'stage type of turhine, with its very
U thigh nozzle velocity, that was used
g *Jl years later by the Russians in their
B

il
: J:,-‘}

an'it turbo design in 1924,
¢ 1In 1884, M. C. Baker, in the terri-
i tory of Dakota undertook to improve
: j “on the Cross turbodrxll and the de-
! ,sign illustrated in Flgure 2 was then

_".l‘ ‘shown in a U. S. patent. It is inter- -

»cqtmg to notc that the advantages
‘;; orlgmally cited by both these early
7 U. S, pioncers are still valid. Mr.
{; Cross correctly pointed out the seri-
> . ous limitations on the drilling depths
‘; vof the rotary (diamond drill) of that
4+ time, and the reason for proposing the
" .new bottom hole turbedrill principle.

.+ His patent explains that although the
f’ »rotary diamond drills of that period

had been used with considerable suc-

cess to a depth of 300 feet, the tube
! f'to which the bit was connected—
J ““was liable, beccause of the great
i 4 strain upon it and its great length, to
"chome bent, twisted, and broken.”
? He further states:

“The objcct of my invention is to

LR e R

» well without turning the rod or
% tube with which the drill head is
‘ ! connected, thus obviating the dif-
’”‘ ficulty mentioned, and rendering it
i °  practicable to drive a drill at the
14" bottom of a well of great depth.”
l’,'z Thus, the fundamental use of the
»// turbodnll for deeper drilling, and the
- } inherent and still rcal advantage over
s the rotary, was clearly established 83
 years ago,
v In 1901 with the advent of the
 rotary well drilling method at Spin-
o dletop near Beaumont, Texas, the
p, rotary drill, together with the per-
‘ % cussion cablc tool system already

¥
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i "-‘ 'élor 450 hp, bit spceds are from 500 to.
900 rpm with bit loads of 20 to 35,

drive the drill at the bottom of the

widely in use, became the two gener-

ally accepted drilling processes. They
were the proper economic choice’
(particularly the rotary) for "about
the next 50 years because the drilling
depths were on the average fairly well
suited to the effective working ranges
of that equipment.

However, as early as 1922, C. C.
Scharpenberg, then chief engineer of
the Producing department of Stand-
ard Oil' Company of California, had
the foresight to visualize the possxblh-
ties of a turbodrill for the well depths
of the future. Furthermore, the limi-
tations of the rotary for deep drilling
were already starting to appear. In
October of that year he applied for a
patent on a simple multi-stage axial
flow turbodrill constructed as shown
in Figure 3. His patent was issued
on February 5, 1924, and the first test

"drilling was done in 1926 in Elk Hills,

Calif. On Sept. 15, '1924, seven
months after the Scharpcnbelg patent
was issued, Russian Patent No. 546
was allowed to M. A.. Kapelyushni-
kov, who conceived of a quite differ-
ent approach to the problem for
driving the bit at the bottom end of
a stationary drill pipe.

This early Russian turbodrill design
employed a single-stage high speed
(1800 to 2000 rpm) mud turbine,
with a nozzle mud velocity of about
200 fps, and a mud flow rate of 200
to 300 gpm. This turbine was geared
down through one to threc stages of
complex planetary type gearing, run-
ning in oil and enclosed in a sealed
box to give the low bit speed of 50
to 100 rpm then used in rotary drill-
ing practiee. This turbodrill de-
sign shown'’ in Figure 4, was of lower
power, dehvermg but 12 to 15 hp at
the bit. It is reported to have been

 used first in Russia in 1925.
. By 1930 the usable service run was -

stil[ limited to but threc to four hours
on bottom, due-to loss of lubricant

“through the shaft seals which the
 mud cut out, thus resulting in bearing

failures. Scharpenberg’s carly sealed
shaft bearings suffered similar pack-
ing failures, but the low mud velocity
which has characterized -his lower
speed turbine gave no erosion prob-
lem, whereas the 200 feet per second
jet velocity of the Russian design
resulted in excessive turbine wear.

Scharpenberg Models. In 1935 the
Scharpenberg turbo shaft was fitted
with the first rubber radial guide
bearings, and the ball thrust bearings

at the bottorn end wert re-designed
by the A. G. Smith Corporation and
boldly opened. up to run directly in

“the bud without seals; sce quurc 5.
-T)us model retained the original sim-

ple and basic multi-stage turbine ar-
rangeiment, with the bladed runners
mounted “directly on the long shaft
carrymg the rotary bit, The horse-
power for a 30-stage_ 9-inch siz¢ unit
was about 92 at the rated specd of
700 rpm, with a flow rate of 550 gpm,
and a turbo pressure drop of 580 psi.
The maximum fluid velocity then
used did not exced about 20 feet
per second, so the mud abrasion was
minimized.

Five wells were drilled for the Pro-
ducing dcpartment of Standard of
California with this experimental
cquipment by 1941 when the war
interrupted the work: In 1950 testing
was resumed with the same 9%4-inch
turbo drilling to 3000 feet near Coa-
linga, Calif. The average penctrating
rate was 51 feet per hour, using 4000
to 5000 b bit load, 5Y%-inch drill
pipe, desanded mud, and bit speeds
up to 1200 rpm. However, with the
rotary improvements made during the
war years, the rotary drilled holes in
the immediate vicinity had higher
average pcnctrating rates - and, al-
though this turbo developed over 200
hp in this last test, it was concluded
that a heavier duty unit was required
using multi-step rubber thrust bear-
ings which had been designed earlier
in 1945, This design is, shown in
Figure 6. .

The EDCO Drill. Another American
turbodrill, developed in 1945 to 1950
by the Engmeermg Development
Company in the Mid-Continent, is
shown in Figure 7. This design re-
sembles some! of the previous con-
structions and also employed sealed
ball :thrust bearings. With 90 turbine

.stages and a speed of 400,10 500 rpm,
'this- unit was rated at 310 hp, but in

five test wells serious wear was ex-
peérienced with the running parts and
the available mud flow rate was not
always sufficient. The penetrating
rates were about the same as for the
conventional rotary rigs in the area.

Russian Designs. During the 10
years prior to 1934 the Russians had
experienced very limited success with
their turbodrill, even in their shallow
drilling. In 1930 the carly model Rus-
sian turbodrill was tested in the Mid-
Continent for The Texas Company
and the Magnolia Petroleum Com-
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FIGURE 5—The Scharpenberg turbo shaft was fitted with the first
rubber radial guide bearings and A. O. Smith Corporation redesigned
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1945 with

the ball thrust bearings so that they ran directly in the mud.

pany. The general lack of success was
due in part to their complex turbine
gearingawhich was so difficult to scal
off from the drilling fluid. In 1935
they abandoned the single stage, high
speed turbine and its sealed gears,
and resorted to Scharpenberg’s much
simpler gencral arrangement of a
multi-stage, axial flow, design with
the bit mounted right on the bottom
end of the turbine runner shaft. This
multi-stage design oflers a fundamen-
tal advantage since it makes it possi-
ble to increase the total pressure drop
while retaining a relatively low pres-
sure across cach turbine stage. In
conscquence the life of the turbine
has been extended to an acceptable
value which now makes possible the
economic exploitation of the turbo-
drill. By 1940 the Russian multi-stage
turbodrill looked like Figure 8, in
which ™ they still clung to the hall
thrust bearings scaled by a stuffing
box which persisted in giving unsatis-
factory results. The ball thrust bear-
ings lusted but 8 to 10 hows in serv-
ice, just about as we had previougly
experienced,

By 1945 their TM14-9%-inch tur-
bodrill with 96 stages, developed 100

hp, and in 1948 a radical change In

134
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bearing design was made. Sliding
rubber thruse bearings were substi-
tuted for the steel ball bearings. This
permitted  designing much  heavier
duty units. In"1950 their present 10-
inch turbodrill was evolved. This unit
develops up to 450 hp at a bit speed
of 790 rpm, with 1030 gpm of mud at
1090 psi, and a torque of about 3000
pound foot. This over-all design is
now as shown in Figure 9, and except
for the important difference in the
thrust bearings, it is remarkably like
Scharpenberg’s carlier turbodrill of
Figure 6. This Russian tool, with its
mud jet velocity now reduced to 20
to 30 fps, and with tlic turbinc cle-
ments  constructed similar to  the
French design shown in Figure 10, is
evidently a practical drilling unit
which has been widely used for depths
to 13,000 feet and deeper. The deep-
est turho drilled hole reported to date
in Russiz 15 16,400 f{eet.

The French Driil. Recently, after two,
vears of design work, the French
company, Establissement Neyrpic, in
Grenoble, France, has designed a
turbociiin based essentially on  the
latest  Russian  devefopments,  This
irm has built and tested two 10-inch
dinmeter units) 7This sice develops

THRO

FIGURE 6—The Standard Oil Company of California turbodrilt . of

90U vpin, s the resilient rubber thiust © 3
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multi-step rubber thrust bearings.

.

about 300 hp at 600 te 800 rpm).
They have arranged {or manufacture’
of their turbodrill in Germany, Dres-
ser Industries in the U, S, after:
completing an arrangement -with £.08 "
Neyrpic, are undertaking to test-and * By
exploit the tools on this continent. |
Forty Russian turbodrill assemblies
have now been imported, and de-. |
livery of a quantity of the Neyrpic i §
units is pending. :

This brings us up from Christopher
Cross in 1873, to the present heavy-
duty turbodrill which now, with ‘mil-
lions of feet of hole behind it, is said
to account for over 80 percent of the
current Russian drilling program., .
Thrust Bearings. A vital feature that 7, i
has contributed greatly to the suc- jl#)
cessful development of a practical Vi
turbodrill is the mud-lubricated, S
multi-disk, rubber thrust bearing a3 i
finally perfected by the Russians and
illustrated in Figures 6 and 9.

The only practical thrust bearing
capable of satisfactorily coping with 3k
yhg,_ihgg)giang’g,,_ughnlang{;gl “hydraulic oy
downward thrust of 30 or more tons,
or the upward bit Toads of similar
magnitude, at shaft speeds of 500 to

bearing which cushions the pump ¥



——————— . e o - ———— -
&

s
o

AN R NERAN DN G NN RN

m.m\\\\‘\kx‘&\\\ DRDIBINARNNENAN

1

Py

X3

M,w,_
e
EECH L

=
2 S ‘
PP ARG IFI T 052 QL4

e

FIGURE 7—This turbodrill designed by the
Engineering Development Company between
1945 and 1950 resembled previous designs
i and employed the sealed ball thrust bearings.

pulsations and 'the bit reactions. These
bearings, with 10 or more disks in
scries, and unit bearing pressures of
over 150 psi, are reported to be re-
markably durable with a service life
of about 100 to 150" hours, This is
primarily due to the elasticity of the
rubber. Abrasive particles in the mud
simply deform or press into the rub-
: ber and roll or are washed out, with-
7y out injuring it.--

However, a certain penalty which
may accompan); this simple and prac-
tical bearing arrangemerit is its fric-
tional power loss. With clay mud, the
bearing friction coefficient is- about
0.075. A 9%-inch, turbo, if run with

_a difference of 10 tons between the
~downward hydraulic thrust and up-
~ warg bit load, at a shaft speed of: 700

T KV il D -

. 186 « Drilling Section

"’

el T
N
MRt
i o
A H -
25: L4 § BIT ‘END‘_

rpm, would incur a significant bear-
ing power loss of about 40 hp. The:
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of the sealed bal} thrust bearings.

mud, must obviously cool as well as
lubricate this type of bearing. Oper-
ating the turbo with water instead of
drilling mud reduces the bearing fric-
tion by 50 percent, and so releases
considerable additional turbine power
to be applied to the bit. This materi-
ally reduces both turbine and pump

maintenance, and also improves the

drill’s penetrating rate since there is
more power for the bit.

The present rubber thrust bearings
are reported to be virtually trouble
free, particularly when run on water.
When worn out, the bearing stack is
removed as a unit. and replaced.
Where the formation permits, main-
taining the bit load as close as possi-
ble to the heavy downward hydraulic

turbo thrust, would balance out or:
unload the- thrust bearings. This is

not always practical or desirable from
a drilling standpoint. Standard of

“ning at 50 blows per minute, wouldgly’

FIGURE 8—This is a cross-section of the Russian turbodrill of 19;10._ Note the continued li;#‘ f
34

v

s
California has scveral designs for baj}
ancing 50 to 60 percent of the turbg ' IR
hydraulic thrust, and it is bélievt;f%"
that this device will materially redud
bearing wear, and have use in futus
turbo drilling. B
Why The Turbodrill. As analyzed b
W. Tiraspolsky and his co-authors §

“Revue De L’'Institut Francais T3,
Petrole,” for August, 1955, the rotargyd it
drilling system, supplanted the cabléki$)

tool system only because the rota
succeeded in transmitting more powch,
to the bit. The results of his analyst:

diameter 3300-pound cable tool, runghl’

require the equivalent of about 2{{§
horsepower. ' B
The rotary, on the other hand, maj

transmit to the 12-inch bit the follow il
ing horsepower values; (these ar
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gl\ en as maximums rarely LXCLLd(_(‘

in practice): :
ToP 2t HP Avmlab.w
4 ' Dcpth Range—Ft. - b
Y ’ to 3300 0'te 70 1
3300 to 6600 30 to 50 ’

f RUNNER - . 6600 to 10000 20 to 40

L ‘ HOUSING The 1ota1y is scen to have abou{‘
v A= twice the bottom hole power of thy 4,1.
‘ . cable tool. This difference 1esultu\ 5,
— Z 4 in a real but modest increase in iy
{ peno.” ‘
tration mte "The rotary also cxtcnded b
the effective working depth well ba; #1t
yond the normal 5000-ft. cconorm;\ '4‘
limit of the cable tool. However, thi
ﬁ : diminishing amount of power availy 3
able at the bottom of the rotary strm%
Al ' leaves much to be desired as the hol»\
deepens, and now the turbodrill off u'u
an effective answer to modern w» ‘,
. qunements as shown in the followmg,‘ ;
. ‘ comparxson Ly

{ : Available HP 4f

%:%% . * 12-in, Diam. Bif: -
n 12-inch Cable Tool........ e 26 .0

A 12-inch Rotary (max. condmons) C70 M

OTAT|ON 10-inch Turbodrill . .190 to 285 )

N » (wnth 300 maximunm|

Z 8-inch Turbodrills connected ;l

A in tandem ........ 210 to 285 I
. (with 380 maxxmum "F .

\) : .o

Thus, accordmg to the Flcnch refy! ',,
BLADE SECTION . - erence cited above, it is.secn th.ﬁ

o ‘ A-A ' turbodrills can deliver three: to: fiv *
A ' BIT END times as much power to the bif ag i
b : . the best conditions allow with thg:j
U Y . rotary, Furthermore, under norma)o
: average drilling condmons the tuff ;-
.FIGURE 9—The Russian turbodrill Tl4—9% inch is remarkably like the Scharpenberg design  bodrill bit attacks the formation Wlth, 1'»_"{

except for the sliding rubber thrust bearing. elght or more tlml:S the power of th W
' rotary. '

SHAFT

:z
A et

%,

cilities currently in use abroad, abouf P
Y4 to Y3 of the power input: to tht il

The mechanical efficiency of the. tuf§
binie_alone is understood to be on thy
order of 65 percent for the new Neys
pic designs. The Russians report evel
higher values, i.e. » up to 70 and cvc":;
80 percent, although in practice weal, ¥
probably would reduce the effectivi

value to nearer 60 percent. g
The type of formation drilled, af
fects the relationships between "th§
rotary and the turbo, lt, is not irnplic
_that the turbodrill is a comﬂetc cure
all for all drilling. It is primarily
‘hard rock drill, In many Gulf Coas
oL .. areas, and some others, it may -nogg
Courtesy 1955 Institut Francais du Petrole and J. B. Bailiere et Fils, Paris e(il,‘al or keeP pace with C'Cl‘tai :

FIGURE " 10—Turbine elements, stator and rotor of the French turbo. The Russian elements ' O'aTY. techniques now used with .Jm
are very similar to these. ~bits. Current turbo and rotary drill
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40004 LOW SPEED 1 OPTIMUM l NO LOAD
a 1250
e HP
e T
& 3000‘_?_00 .
. g
= =Y
Yo hse & £ i
Q2000 2
=) — 60 ¥
z = y
w <100 -1 50 s
g | H40 2
< 1000 p- . 4300
o N 2
S Y : -~ 20 &
5004 . ‘ o o
0 [ 1 L 1 1 ! i 1 1 1 0
0 I00 200 300 400 500 600 700 800 900 1000 ||00 1200
' SHAFT SPEED - RPM |
: Courtesy 1955 Insmut Francals du Pétrole and J. B. Ba\ll{uc et Fils, Pans
HP—Effoctive Defivered Horsepower at the shaft
. . T -=Torque in Lb.-Ft. “
L. ’ ) P —Prassure Losses In the Turblne in PSI i B

E —Mechanical Emciency —%.

FIGURE 11—Characteristics of Russian 10-inch Tquodrill. .

* confirms this.
Turbo 'D.l"illing Bits. The next ques-
" the’ turbo’s drilling conditions of
"; ’weight 'and higher speed. To -take

.- bottom hole power, of course, re-
*quires “that the bits be capable of
v wlthstandmg the considérably higher
rpiging  speed combined with the
~ . heavy loads that characterize the tur-

“bines currently available. Russian ex-

vpe;xence as reported for a wide vari-
... ety "of formations, has repeatedly
"+ demonstrated that the. footage drilled
o pur__bxt exceeds that of their best

" ing in soft formations in Holland also ’

.. proper-advantage of the turbo’s great

tion is the problem of bits suited to

-conclude that any llkcly further -

_not materially improve the over-all

rotary practice in the same areas. (A
recent test hole in France with the
Neyrpic drill gave a similar report.)
" As a result of the improvements in
the performance of the modern Rus-
sian turbodrills, the high rate of pen-
etration, now reah/cd has affected
such a demdcd rcductmn in the net
on-bottom drilling” time, they now

crease. in.the penetrating rate would

economics of turbodrilling. The hoist-
ing’ and lowering operations consti-
tute a large percentage of the time,
and. the important feature'is to ex-

tend’ thc bt't life so as to increase the

bNSTAaLE RANGE -v,-] -
. . .

200~ 30- +
L3 o ‘ .
. 800 -
1 oeas) :
R ~ . L]
' 150 = £ .
zZ | & | <= WITH WORN BIT .
G0 " 3 &
a 3 w 400 |- C )
o . I .
F = or ' .
or 2 1 200 ‘ .
& s \ .
i . ! [ ]
ookl ok 0 ' i 1 | VIR L]
: 0 5 10 L "20 25 ‘30
’ .BIT WT.- TONS
. Courtesy 1955 lpstitut Francais du Pétrole and J, B. Bailliére et Fils, Paris
N —Speed of Rotation . With
. HP—Developed Shaft Horscpower
e : 8 ——Horsepower Used by Bit gu:w

V ——Pénetrating Rate Ft./Hr.

FIGURE ]2—-Expenmenml Characteristics with 10-inch Russian turbodnll as the bit loadings
pre progressively mcreosed trom peak penctrating rate, into the zome of speed instability,
. and finally into a complete stall.
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“veloped to suit the slower spe

. able with the modern turbo\ Me!

- should then be posslblt.. Although th

Sy
)
ratio of the net drilling hours 1, ;1‘.‘
total elapsed time,
Our present day rotary bits, d\

L

___._..¢

rotary drilling, may not allow 1!
more powerful turbodrill to achin!
its optimum performance in h‘\%li
rock drilling, The French veferen, }/
cited above, states the present cmw,-..
tion substantlally as follows:—In cn\ .
trast to the definite influence c\ccn A
by the development of the tri- (,q n-
bit on the trend of the rotary dosw.”
in past years, we now find the uubp~
drill imposing its characteristics An
the tri-cone bit,

Tests by a major tool company ‘%
conventional rotary rock bits sh
that above a certain rpm the rate%j‘
penetration does not increase propgi.;
tionably with rotary speed. Bit woﬁu
increased rapidly at high rpm, Hq‘w;
ever; it is very jmpartant to .\pp};ﬁ»‘
ciate that the new turbos have dofi-.
mtely moved the ppwer bottlnn(wll
from the top of the long drill strfpe
right down to a point directly 'ﬂ)%\t;
the bit. This is an important aumn&
and we can take fullest advantage’ p{§

. this by producing bits that can st’ai};

up under the heavier duty now avi }&.1'1

while, even ‘present tri-cong hits
the turbo are evidently capabl'a' .
showing improved performance oy}
the rotary as the hole deepens. ?jgii
field equipment manufacturers,
this country, as well as elsewhere, £<.
now devoting particular attentmn&&f
the new turbo bit problem. If
concerted effort of the bit supplier, ?}.. X
augmented by U. S. users who “I}ﬁﬁ,,'
obtain the necéssary field experiefid|
here in drilling with the new turlail..
drills, a balapced bit design may: et
expected with the promising inc#
tives involved. Extending the turloff
drilling depth on beyond 20,000 fy

turbo does promise to be superior @
the rotary, partlcularly at extretph
depths, there are- many formidalifi®
hamrds inherent in such deep drilliga
which would not be altered by tH#f
use of the turbodrill. :

Using the Turbodrill. There are St,‘
eral characteristics of the turbodvéi®
that may be pointed out in cpnnefil:
tion with its proper apphmnon atfdy
performance. Bl

As shown in Fxgure 11. the p QAR

mum power m)d turhine cﬂ'lcmn
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oceur at a shalt speed ol abour 6D
rpm, or half the no-load or idling
speced of 1200 rpm. Ohserve that the
torque drops to zero at the idling or
no-load speed, and at the other ex-
treme, with the turbine stalled, the
torque is then twice the rated value
developed at 600 rpm. This fixed
maximum limit on the torque. at stall
is another pertinent advantage over

the rotary, and is an automati¢ built.

in protection against excessive over-

+ loading of the pipe in deep holes.
Since the maximum amount of
power which the turbine can generate
for the bit is dependent on a certain
optimum range in shaft speed, which
is between_gbout 550 to 800 rpm, -as
noted at the top in Figure 11, and
since this power can only be realized
by properly adjusting the external
braking action by ‘suitably loading
the hit, it is seen that the driller
sorely needs to know the shaft speed
so he can apply the proper weight on
bottom. Audible sounds emanating
from the bottom hole turbine and bit
" ! become ‘meaningless with depths be-
. low a few thousand feet. The “blind”
operating procedyre used to date to
keep the bit working, has been first
to stall the bit by applying excess
weight, and then to back oft a'few
tons to allow drilling to proceed. Ob-
serving and using the hit weight
which seems to give the highest pene-
. » " .trating’ rate, has evidently been the
«,.~-usual method, but this is a rough
sl yisual epproximatipn which would
« . not-always be copducive to best or
© ... consistent results with the turbodrill,
e " The. further test data in Figure 12
+ shows' what is reported to happen
* “with a "10-inch Russian turbodrill as
-+, the bit loading is progressively in-
4.0 - creased right up to the peak pene-
“trating: rate, beyond into a zone of

" .complete stall. To get the most foot-
. 'age the driller, of course, should try
to operate as close as possible to the
critical point near the top of the
'/ penetrating rate curve. - Since the
. Jpump pressure, as shown in Figure
11 will tel] him " virtually nothing in
" “the turbo’s working speed range, a
- . speed indicator at the driller’s stand

should permit-adjusting the bit load
to ma,iqta_iu the hottom® hole condi-
tions - for optimum  power consump-
tion by the bit. An _electric speed
indicator for this “purpose ‘was de-
ibed in’the ASME Paper No. 55-
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Speed instability, and finally to a -

" would be a decided advantage which -

Pet-16, cutitled, “Progriess of Turbo-

Ulﬂ'i‘l’lgl—)cvc_l‘(i@i‘lexrij"fin _California,”
el OPARENE N Bl !
which was presented by Postlewaite

at the ASME Petrolewn Mechanical

Engincering Conference in New Or-

Icans in September, 1955, Although
this device is still in the development

" stage, certain down-hole tests have

demonstrated that this principle of
transmitting speed signals promises to
be workable. Extending the applica-
tion of this instrument to automati-
cally control the proper bit weight-
speed relationship also now appears
attractive. :

What It Means to You. The turbo-
arill, if properly applied, appears to

be the most significant improvement °

in the method of drilling since the
rotary was introduced in 1901. The
reduction in unit drilling cost that is
promised by the new turbodrills,
based on information available in
various credible published reports,
may soon be demonstrated in -this
country. The aspects bearing on the
effective use of this equipment, and
which have been noted in the refer-
ences cited at the end of this paper,
are summarized as follows:

.a. The penetration rate in rock is
faster.

b. Better utilization of bits js pos-
sihle.

¢. More effective utilization of the

" drilling crews.

.d. The drill pipe and tool joints
should be lighter and probably
cheaper, ~ oo

e. With suitable heavy drill collars
hetween the furbine and the bit

hole "deviation * has - been con- .

trolled. -

f. Diz’@ptioixgl drilling is possible
with the turboduill.

g Longer pipe life,

h. Fewer twist-off fishing jobs with
non-rotating dril] pipe. ’
i. The operations on the surface

are_relativel r.quiet with the

turbo since the rotary fable oise

i virtually climinated.

i- Swivel and rotary table mainte-

nance should be minimized since
. the pipe is only turned. occa-
sionally. )

k. Several turbos can be coupled
together in seriés to permit a re-
duction in flowrate and bit speed’
as the hole deepens,

L. The. hole gage. is maintained
more accurately with the turbo-

Al '

m. In foreign practice rubber pro-
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from Dresser Industrics Inc., Byron
sion of Borg
the National
Fratclul to Th

drilling in Holland.

Petroleum, March

A. Trebin, in P
leum Congress, Romne
D

;{elo&ml-m of Turbo Duilling’ by W. Tiras,
l"A:np‘cais Du Petrole, AuEust, 1955,

J. A, LeVelle in Petroleum Engineer, Ocr.,,l!’“‘s' Y
‘the authors at the 16th Annual Meeting of the R

American Association of Oilwell Drilling Contrse: ‘38
tors in Fort Worth, Texas, Oct, 7-9}‘ 3156. )’

tectors have not been - requireq
on the non-rotating drill pipe. “\) ‘
What Is Required for Turboiirill.:{?."i‘ :
ing. To realize the ‘above, there are 4
certain requirements to be met i
outfitting and running a rig to oper.s*
ate effectively with 8-inch or 10-inch,;
diameter turbodrills. These are enu-f:,u
merated below. }5
1. A minimum of three turbodrilly,:j
are required per rig to permiti”
turbo maintenance and continy.
ity of drilling. _
2. Provision of adequate pumping‘/
facilities to deliver about 800 to'y”
1000 gpm, and at sufficient pres.g-_f

)
‘».

sure to satisfy the 600 to 1000%
psi additional pressure drop?:
across the turbine. C
3. Effective pulsation dampenersi:
should be used. This smooths}
out the hydraulic loading on thef i»
turbo’s thrust bearing, as well as; {
the operation of the bit. B
4. The drill pipe should be of i
larger diameter than is normally§
used. The tool joints should be
designed for a large hore to cutf. i
down flow resistance. The kellyg-
should be at lcast 6 inch withd §
a large bore, and the passage-,
ways through the bit should be® § .
enlarged to accommodatc the.;,
increased mud flow, A
5. The mud should be desanded-ta
minimize wear on both the tur-H
bine and the mud pumps, Theg £
.sand content should not uxcccd‘,{:n
5 percent, and 1 to 2 percenty
will probaply be found  mojcl
economical, o S
6. Means shquld be provided to fr+ § !
dicate the turbine speed to the g%
driller. T : MR
7. Personnel experienced in  thed 1}
proper use and maintenance of
the turbodrill js most essential
for the successful utilization of §
this new tool in our drilling, - §
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ﬁi'ﬂv\ Russian Claim . . .

Increased Drilling Rates With Turbodrills

niges,
‘-—J-”:/‘

"Wy DR, ING. W. GRONEMEYER
Wlausthal, Cerﬁiany .

Dmmnﬂv;m ‘tuitbines, as claimed

. by the ” ussiang, is one way of #m-

‘proving "the dﬁﬂmg technique. This

' method +as “becr: ‘Strongly -developed
in Russia during the past years.

'ﬂlls report is'an the development

lv‘bf driiling ‘technigues -with - tusbines

: and the . [present ‘day 'status -of this
dtml méthod in Russia as far as

. obtamab!e information permits.

.} Table 1 shows-how quivkly the
: 'devehepmn advanced in ‘Russia be-

S iween, tthem 1948 and 1953 and
" what percéatage- of the drilling was
dme by turbines.

’ynlz(
' Percent of ‘Total Wells Drilled B;
‘ Tqrbodrillingﬂethod V
"Year * Pereent . -
1948 3nt
1949 44.4. .
1950 . - . 48.6
1951 - 57.1
- 1952 . 611,
1953 © 75,8

s

‘ A turbine with. vertical axijs i
- rmunted to the lower. end of a sta:

tjonary drill: stem. Hzgh~pressu;e_ A
pumps force the dyilling fluid through I T i

the stcm-into the turbine situated

immediately above 'the bit and put i

the - mlbm(. shaft mtd rotatlonv Thi
bit'is screwed. to’ the shaf of the tur
‘bmc The turhine and the bxt maké&
apprommately 500-to 600 rcvolutxons

&-‘ “pr. minute, Like the rotary. n;ethod
»‘tl;c mud flows to the sur face between
. j,thc drill stem and the well.bore. By
" regwlating the pump pressure i is.
possible to adjust the speed of the bite

- to- thc _respective  rock formatlons

144 '*' Dnllmg‘S.ection.

A German scientist veports on the devclopmem of Russxan drilling tech

Thie. drill 'stem does not.ruiate inside

the hale; it merely serves to_pipe the'

fluid -into the turbine. The eniire
drilling .precess takes :place at he
“bottom of thehole,

The urbine, a T:12 M- )0“ model,
showa in Figure 'l has a.diameter of
10 -inches, a length of 28 feet and
‘weighs 5260, pounds. The designation
T-12M denotes the type of construc-

“ tion of shis.machine and 10” denotes
the ‘Qiameter of-the. turbine.

Farhodrilling Methad . In Russic.
there are different types.of turbines
in use which differ mainly. in - their
-number of stages and their diameter.
“"Fheir over-all length is about 26 feet.
“The technical data of-the types of

Mo
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4 The pump capacity ranges betwccn

1% Jurbine drill is about 60 percent. 8

» Therdore, Jnitial " éxperiments  were §

Special Turbodrill Repor: }

==

turbines mostly used at }m.sent are
shown in Tzble 2. g
! .
635 and 350 gallons per minute. For §,
exampk the :100-stage turbine of
type T 12 M 2-10” a turbine of
~Jatest design, transi . . (quu(, of §./F
2170 feet per pound t« the bit with |

a pump capacity of 875 gpm. The { |
pump pressure in this case was be- j .k
Aween 1175 and 1470 pounds per § {8
square inch, at a depth of 6560 feet. § B’
The pressure in the turbine is pro-'
portional to the torque. In this casc,
it was 800 psi.

The number of revolutlons of }hc
bit while drilling is about half of ghe
revolutions while idling. The drifling ] B
-is controlled by a drillometer, a pump |
, manometer and a pump flow meter. §
The pse of a bit revolution counter i
also planned. The ‘efficiency of the '

. The increase of the pump capacity | i
results in higher revolutions, higher  |f
torque, and normally a.hlgher drijl- 1§
_ing rate, However there are natural -’
limits to the increase of the ump
. capacity., Therefore, the diamcters of |, |
the turbo-channels were enlarged and ' #
-the pump capacity as well as the’ §
torque were increased without cre-j.
ating a hngher pressure in the turbine. §1f
With these turbmes the effxcxency wasZ it
boostcd by 15 to 30 percent. < T
. In other experiments the turbme (R
stagcs were augmented- without§
changing the pump capacity and the g,
, Pressure inside. the turbine. The re- @h|
sulting lc_ngth made the construction libi
. of mqubmes of thxs kmd very difficult |
Irom the eng:n?elmg standpomt

..made by waldmg {ogc,ther two tur-
bines.of .100 stages cgch '
In 1953, a prqlonged turbodull-
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T rotary drilling method and 4 turbo- l ‘
drilling method (150 stages) at about
equal conditions: (Note Table 4-A).

e

T12M2-10” with 150 stages, was buit” [
and tested, About 10 feet were [
ddded to the. case of the drill. The %

setew connection was welded together = ;
for safety teasots, The over-all length
§ of this' hew drill was 38 feet, The
techtiical datd of the turbodrill

i TABLE 4-A

11i

Rotary } Turbo

T19M2.10” ‘with 100 and with 150 Drilling Interval........... 5000-6560 | 6000-6560 .~ i
. B . Rotary Table Rotation, ) i
stages are shown in Table 3. ELDML s ST f

. X . . Footage Drilled, Feet...... 69 052" | .
' 1t follows that with a tdrbine of Net Drilling Rate, fL./br. ;| 6.6 218 I

150 tages at a pump capacity of 725
It gpm a higher bit load is possible than
il with a turbine of 100 stages at 872
| gpm. Comparative values of the ca-
pacity of the two turbines are shown half as much total footage.

¥ ih Table 4. . . C . ; . '
.1 Itab' 64. teresti £ - FIGURE 2—A rotor and stator from the TI2M - At the same time a turbodrill TS
At 15 nteresting to compare a _ 10-inch turbine. Lo 1-8” with 190 stages was developed

| |
from the already tested turbodrill }

The results show a threefold in-
crease ih drilling rate by the turbo-
drilling method at about one and a

T12M1-8". The technical data of this
new drill are shown in Table 5.
The type TS1-8” trdnsmits a

o TABLE 2 L
. Technlcal Data on Turbines Presently in Use In Russia

QOlres | - volu. |IErSSSTS . - . torque of 1725 feet-pounds at a pump
n evolu~ n t . . . B
W : flate tlm:s ger ’I‘E:xrglnee Torque |Diameter| Length | Weight capacity of 540 gpm, while type T12
. Type of the Turbtne in gpm. Mihute in psts | in ft/lb. [in Inches| “in Feet [in Pounds MI1-8” at cqual pump capacity
T 14 M—9%.......... 603 810 735 1160 | 10.05/9. 25. 4840 i 5 feet-i ,
14 M—0% gos | woio e 1189 5/9.85 5.5 transmits a torque of 905 feet-pounds N
) : 13 720 1014 1627 only. :
§ T 18—107. ..., ... 603 520 7356 1402 10.5] © 27.5 4840 i
LT ] YRR oo 50 735 102 _ Comparing the data of these two
. © T3 | 620 1030 1972 , turbodrills at different pump capac-
C TIZM—8". . ... il 555 | .. 600 803 882 | . 8a46] 276 3740 ities_in drilling holes of 820Q feet the
o o 64 &5 7% 150 results are for type T12M1-8” at. :
T12M2—10"..... ... 713 550 603 1505 | 1005985 269 s2s0 @ pump  capacity of 635 gpm, a .
Lo 872 | 610 807 | 2240 ' torque of 1190 ft-lbs and for the tygg TS ot
T2 M 18", ... ... . 655 | - 645 515 889 | 8.35/827] 28.4 w0 191-8” at a pump capacity of 5 (R v 4
o e . 803 © 700 603 1048 gpm, a torque of 1725 feet-pounds. ‘ : .
SR ) 634 735 662 1157 o . ERAN ¢
2M 2—8° e 555 590 515 851 >8 19/8.07 27.6 3200 This means an increase of about 30 i 3 .
Tl B 603 640 | " 603 | 976 19781 ' percent with the section turbine. I 1 N
: 4 |, 675 662 | 1083 This section turbine is built from | I £
K . , the parts of the conventional ma- ! oy
: : TABLE 3 T ' chine T12M1-8”, The upper section r
. Operating Characteristics of the T12M2-10” With 100 and With 150 Stages has 98 stages with 10 pressure bear- o F
oo . n - ‘ings while the lower section has ! P
. . . N . : i i L
: \ : ! Ix'lx‘:fgé:‘tl:e Clrﬁl;latlon " Revolutions| Bttt 92 stages with 18 pressure bearmgs.- I 18 :
: . N te, orque er clenc; : : . Tt Y »
! Number of stages . | , Turbine Rate, ol | mitie | Bhacleney  The mounting is done separately. The , .
100, TR 882 872 | * 2170 . 640 “eo, . shafts are put together by a,split ? A
150, 0ivveevnninnn Sesaiscioanens \ 882 725 . 2205 - 520 ) 60; sleeVe ConS]stlng of two half Sleeves. “". ’
Figures 3A and B. !
.o o ; A Tests were made at the end of 1953 N
o o 150 Stas ith th bine TS1-8”. Drill 2
A Ono Run Comparison of the T12M2-10” With 100 and With 150 Stages with the new: tur ne. -o7. Lril- . S
: ing was begun at .60 feet at a : - %
Tgfoe and Drilting ‘Pump ) PumP sv‘elrlzlage FTotihl pumping rate of 507 to®55 gpm. The ! . - . &
of "fﬂf&'{glfﬁ Bt Prisere | P ‘c%;';)axfn.t ¥ |Rate Feftir.| | Feet " - pump pressure ranged between 1325 |» il |
T12M2—10"—150]  11%¢° T 147-338 | 1180-1470 | 603-665 |  17.1 785 and 1620 psi. The bit load was 30,000 l . .
T12M2—10°..... o 88-191 | 1180-1470 714 7.9 " 4656 to 40,000 pounds. Approximatcly | TR
Three Cutter : ' 1970 feet were drilled. Thirty-three 1 S
bits were used at an average rate of | . h
' 52.5 feet per bit. The results of this -
onens gy tion turbine were about 70 to 80
Operating Data for the T51-8” With 190 Stageés section turbinc

percent higher than those of the con-

, | Optimum - Torque Capzdty Pressure ventional turbine T12M1-8". ' A %
Pump Capacity* Gpm, . Rpm. Ft-16 in Horsepower | Turbine, Psi. These results show that the prob-
1910 191 1045 lem of increasing the torque scems_to :
280 460 132 £3 be practically solved by augmenting
450 1310 108 726 the number of stages. This is particu- i !
H d

important for deeper holes since
*Specific gravity of mud 10.0 Ib./gal. lal‘ly 1mpo ; P

v
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© !
hydraulic losses occur with increasing used an average of 2900 hours. "« ‘g
depth. Circulation When Turbodrilling. | '
The Rigs. 'The capacity of turbo- When turbodrilling the circulation is
drilling_depénds_primarily_upon the’ of particular impqrtance. Its purposc
pumps which drive the turbines by is not only to bring out the dn}lcd
I ihic flow ol the drilling fluid and particles or hold them in suspension,
IR keep the hole clean, Until 1950 turbo- . or cool the bit, but it serves in par-
a drilling was impaired by lack of ade- % ticular to drive the turbines,
:.! quate and efficient purnps, é Special emphasis is placed, upon a |
! Heavy rigs for rotary and turbo- % good drilling mud in rotary drilling, | )
IR drilling have been developed with § while turbo-drilling requires a fluid y I
et which a high drilling capacity can be N free of drilling mud in order to spare ! ll,r‘
a ‘ reached. These rigs are powered by § the turbines.” Thé lifting ability of 5 o
: diescl engines and are easily converti- E \ rotary drilling fluid must be carcfully é ";"
.. i ' ble to electric power. L controlled due to the low annular "l

The final developments of modern,
heavy, compound, rigs up to 10,000
- " feet was the #¢pe Uralmasch 5D with
dicsel engines and a total capacity of
1500 horsepower. In addition a new
16,500 foot rig was put to work in
1953 which has a drive of 2000 hp T
and was equally well suited to cither
-the tirbo or rotary drilling methods.
The technical data of these rigs are
‘shown in Table 6. -

Both drilling rigs are equipped with
modern devices for ease of operation L
‘and efficiency, including: ‘

® Newly developed rail-pneumatic
friction clutches in place of claw and
disk clutches.

velocities, This lifting ability does not
play an important part in turbodrill- «!'
ing because of the high annular veloc-
“ities. The high “revolutions of the 1
turbine grind the drilled particles very |
fine so that it can be easily flushed out.

For these reasons the change is to- ¥
ward the use of water in drilling.
Also clay has a higher hydraulic re-
sistance. With water as a drilling fluid,
it is possible to achicve a higher
pumping rate without running into
too high pump pressures. At a pump-
ing rate of from 700 to 730 gpm a
pressure of 1320 to 1470 is obtained
with a clay mud, while with water
the pressures are in the neighborhood

N

P,
oS e

. ® Pneumatic operation of the rig.". (A) (8) of 880 to 1030 psi. Any extra particles Z i
-® The compounding of the engines. ; in the drilling fluid cause hard wear. & F
. H}/draullc brakes and.prmumatlc FlGURE 3—Cr()lss-§ection of the sectior} .ﬂll‘- of the parts Of thc pumps and turs y [
operation the band brakes. bine, T 12 M b?-‘;n::iitT:ée::?ﬁs are joined - e The use of watér over a clay ° bR

® The application of duplex-chains
upon milled and thermo-treated chain
wheels. ‘

® An extra gear for hoisting of the

mud is also much cheaper.

In 1952 the first wells using water
exclusively as the drilling fluid were -
brought in. No jamming or sticking
of the drilling tools was reported. The.
drilled particles were easily circulated
out with water, -

unloaded hook which saves unneces-
sary shifting by the operator.
® Automatic adjustment of com-
" pressor pressurc and direct connection
of the rail-pneumatic clutch with the
compressed air, |

ey o e

e i

« . TABLE 6

- . A comparison of the capacities of a 10,-
000 foot (Uralmasch 50) and o 16,500
foot rig (Uralmasch 35),

N Both rigs had operated without  Iniially clay mud was used to dril
(fnlts mgﬁch mgia)ch tFOUble and VYE{‘E still in gOOd condi- the holes fOI‘ the 1_6-inch and 12-inch
Carrying Capacity.,..] tons 130 200 ton after dnumg 16’400 to 1?’700 CaSing and then the system was
Maxhmim Bepin || .| 10000 | 10500  fect. The hard wear on the chain of changed to water. The 12-inch was
"ﬁt’gflfﬂiigﬂ;?_l el b ] LB ) 2000 he hoist was very low. Idle hours set at from 200 to 820 feet. Since
e e x| e caused by repairing of the chain 1953, however, the majority of the
Vower " 8] one | g | g OroPPed from 5 percent to one per- »ﬁl‘l—ﬁjsr’igm'l'eq’ prom. the saxt with
| E Gear 1 tons 7 113 cent 9f the working hours. The afo.re- water. See Table 7. S
Ay Gl ons | 12 3 mentioned pumps have b'een working It was found that before p‘ul!mg‘
Number o GigHE | 1 ° for four years at a capacity of 800 to the turbine ffomlthefho'l:: that it was
Rotary Table Speed. .| rpm 79.119 28100 1030 gpm at 1620 psi without trouble‘. n;ecv.?ssary fo circy ate lor:a long period ‘
. In 1952 the diescl engines had been ©F HME 0 as to avoid settling of cut- -
C R ' tings around the bit. No case was
A Yeurly‘comPurlson of dﬂlllns rates :::ufo:taqes after 'h‘é h:troductloh of drillin feported ’o fa StUCk' turblr.)e due to th'e :
, B yes \ with wears ‘ 8 interruption of circuylation. In one .
case tools which got stuck during -
_ 1949 1950 1951 1952 1953 drilling with clay mud were washed '
-Average Drilling Rate in Fe./Hy.. 0000000« %5 89 110 149 341 . A. disadvantage of the water drill-
i . ing is the greater danger of corrosion
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[Fhere were chTbeds in"the Devonian
brtween 4900 and 5250 feet having
i thickness of 80 to 100 feet. The
sater - cdused the clay to swell and
'@ggnted further drilling. In a case
{lke this the change to drilling mud
ﬁiould be done gradually without in-
££rruptmg operations, Forrerly the
ater was displaced by prepared drill-
{'{ hg ‘mud; this took 3 or 4 days, and
°%ﬁj"sultcd in fluid losses. The gradual
hange to a clay base mud can be
,Cwnw lished gradually in a 24-hour
T ycx iod. In ovder to assist the initial
. dremation of a filter cake 1320 to
£.3760 pounds of peat, 440 pounds of
tlay and 88 to 110 pounds of caustic
;tgoda were mixed with water in a
imxer and added to the water circu-
Jation.
; In 1953 a well drllled w1th water
welling .clay between 5250 and

as"'

hiddai iy iy

fon a, bent drill_stem (5°) thereby
"'A‘Lénfargmg ‘the hole with this reach.
v The enlarged annular space was then
ccmentcd After the cement had set
the well was continued with water to

the intended depth of 5600 feet,

clg.y contammatlon of drilling water
' On'a—lé—il}ove mentioned well the clay
4§ beds were located immediately above
the oil zone. Within 36 hours the clay
bed "and oil zone were drilled and

i ucfl ou]d not be en entxrely avoided.

‘3400 feet This hor17on was drllledr

" Another mcthod of avoiding the .

th'cn casced. During this time no swell-
ing ocevrred.

An weal solution of tuxbndullmg
would be to separate circulating fluid
and driving fluid. That is, to either
drive the turbine by electric power
or to part the circulating fluid and
the driving fluid.

Drilling Capacity. A comparison be-
tween _rotary and! the turbodnlllr‘xg

methods s showed an average increase

of“17, to 2 times the capacity with

turbodrilling under analogous geo-
loglcal_ifoﬁdltlons This high drilling
capacity of the turbodrill was
reached by a more efficient trans-
mission to the bit. With rotary tools
at 10,000 foot depth with 4%;-inch
drill pipe, 7V2-inch bit turning at 125
rpm, the transmission to the bit was
40 horsepower or about 1.1 hp per
square inch of hole. With turbine
drilling using 6%-inch. drill pipe, a

12Y2-inch bit and a pump capacity..

of 800 gpm the highest possible trans-
mission to the¢ bit was 200 hp or
about 1.7 hp per square inch of hole
bottom.

Table 8 shows a compauson of

data of several wells brought in with

turbines duting 1953,

It is interesting in this t'lblc to
notice how little time was needed for
fishing and the good time made for
net"drilling of wells 321 and 381.

Finally, reference may be made to
a record well brought in during the
Spring of 1954 in the area of the
so-called “Second Baku,” located in
the Eastern part of European Russia.
The followmg data were reported on
that well:

4 TABLE 8
2 A Compurl:on of the Drilling Time Brbak-down for Several Wells Drilled by the Yurbine
j : Memod During 1953 :
DESIGNATION OF DESIGNA’I‘ION OF -
PRODUCTION WELLS LDCAT WELLS
295 316 321 381 528 ~. 410
i Total Depth of Well, Feet......... 5960 5850 5660 5840 6260
§ Starting and Completion Dates..... 2 3/18 6/10 6/19 8/9 10/15
i’ % Smrllng and Completion Dates lgélg 4;20 6; 2 918 & 048 .
‘[’ § Total Footage Per Rig-Month 3220 5070 7430 5710 4230 3018
AR Avernge Drilling Rate, Ft./Hr, 23.2 24.2 41, 41.8 28.1 28.7
H 2#  Number of Bits 95 69 62 66 69 67
“ Footage Per Bit.... 63.9 X 945 86.6 . 84.6 93.5
Type of POWEr. coettviiianniannes Diesel " |- Electric Diesel . Diesel Diesel Electric
‘) B STATEMENT OF WORKING HOURS
I
ff £
ie. Total Working Time, Hrs.. .%1..... 1307 800 571 688 997 - 1404
K3 Kmaucu?fe Time, Hes...vvvroii o0 1130 758 515 627 898 | 1145
g Follows: ' .
g ‘*‘ Net Drilling Time, Hrs........... - 256 230 126 137 208 207
d R(Lgt U;;Ian':igTe:xlfDm;n Hrs...... 388 225 205 230 257 327
Transportation, Hrs 50 22 16 21 33 gé
Changing, Bits, Hrs 47 40 38 87 gl &8
Running Pipe, Hre.....ovvivenns 165 80 68 87 9
Miscellaneous, Hrs.. ......0..... 324 161 62 113 270 367
UNPRODUCTIVE HOURS Totnl 177 42 56 61 99 259
AiehionSind Down Time, H 14 3.9
o g an own me, 8. ... e B8
MZ!::tgnance .................... 01 24 30 23 3% lg
Waiting on Cement, Etc., Hrs.. . . 72 18 26 38 6
Dec ember 1956 » WORLD OIL
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Total Depth feet.. 5580
Total footage in ft. /

rig/month. ., ..., * 858
Total drilling time . 19.5 days (469 hrs. )
Aver7ge drilling rate

.............. 64.6 (Min. 26.6)

Total footage per bit 113.8 .
Number of bits used 49
Avg. time on bottom

per bit,hrs....... ...,
Productive working

time, percent. ... 94.7%
Net drilling time, .

hrs............... 86.
Time for trips, hrs. . 153.3
Casing, brs......... 80.1
Miscellaneous, hrs.. . 84.4
Unproductive time,

| T 24,

This capacity was reached with a
rig having three pumps of a total
capacity of 1100 to 1200 gpm. The
bit load was between 60,000 and
70,000 pounds. Water was used from
the surface casing to total depth. On

‘the basis of this experience there are
possibilitics being studied in Russia

at the present time to reach a capac-

ity up to 10,000 feet per rig per
-month with this drilling method.

Advantages and Disadvantages
® Faster drilling_ progresg. The
availability of higher working capac-
ity at the bottom of the hole means
faster drilling. This advantage re-
mains even when bigger bits than
those customarily used w1th rotary

" drilling are used.

® Straighter drilling. The bit speed
in turbodrilling is” higher, the bit
weight is lower and the neutral point

.of "the drill stem is higher up the
collars than when greater weight is

used.

¢ Full gage drilling. Since the drill -

stemdoes not Joggle and the drilling’
is straight, a hole is made with lttle

bit walking. This is an advantage’

" when running and cementing casing.
® Low wear on the drill pipe. The.

. hard wear on the outside of the pipe
and the tool joints is grgatly reduced .

. because the string rotates in some

cases with 10-15 rpm only or in many
formations need not be rotated at all.

 Fewer fishing operations. Most of
the causes for-parted pipe are elimi-
nated by turbodrilling. The pipe is

not exposed to sudden dangerous

momenta like special loads or bend-
ing pressure which may occur at any
time while rotary drilling. The pipe
does not drag on the wall of the hole
except at very low specds. Twisting
off does not occur.

o Fishing of bit cones and other

149
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. however,
- extensive drilling experience.

e Pl

b p;{; ts of bit does not happen so oftwen.

-® The danger of twisting oﬂ is al~

g1 /morc, the formation of l\LySEatS is
il another frequent cause of fishing op-
li*igerations. While turbodrilling this.
happens less frequently becausc the

hole is strangcx _and tl the stems_turn

lillslowly or not at all.

“®For turbodrxllmg the most fre-

il g yquent cause of fishing operations is

fallmg, swelling, or flowing rock for-
mations, However, a straight hole,
tension loaded drill stem, and very
low rotative speeds of the stem reduce
this danger very much. Turbodrilling

=M
!does not create any new drilling dif-
3 ﬁcultles and ehmmatcs most of the

3or reduces them to a great extent..

® Less strain on the rig. The strain
Jon the swivel and- the rotary table is
Lomxderably reduced. The mast base
v1brates only slightly. This results in

‘' i a reduced strain on the rig in general.

® A clean hole. The lifting capacity

'-"’.‘1,01' tmrxl-]mg mud is improved by

the higher annular velocity. The
i drilled particles are of finer grain
because of the higher speed of the
bit, and can be brought out better.
"Interchangcablllty The turbo-
. drilling is interchangeable with the
rotary-crilling method.

Disadvantages of turbodrilling.
If difficult drilling conditions pre-

V'vall requiring a heavy and viscous
i ,wuu _cannot_be_applied

ii as long as these specml conditions

exist.

For turbodrilling the speed of the
bit varies between 200 and 600 rpm.
Thercfore it is possible that certain
beds may not be drilled as well as
with rotary methods at a bit speed
of 50 to 70 rpm. The final answer,
could only be given after

Strain to the mud pumps. The
strain to the mud pumps will be
higher because the pumps have to
perform more for turbodrilling. For
this rcason it is necessary to keep the
sand_content_ of_the_ fluid as low as
pOSSlblL “For practical purposes a

sand content of less than 3 percent,

by volume is considered g good

Either as general successor of, or as
supplcment to, the rotary-method the
turbodrilling method promises to con-
tribute an important share towards
increasing the capacity and rentabil-
ity of deep drilling. —The End

December, 1956 » WORLD OIL
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FIGURE 1 Sytaway drawirig of turbodrill showing the importdht components an

/ features.

rbodrills! -

Dallas will soon be teste(’ agamst American rotary ¢quip-
ment. | j

i1

In RECia\Nl months the drilliflg in-
dustry has Become increasingly/aware
of the possibilities inherent m&havmg
a down the hole source of pgwer for
driving the d 11 bit. Scatteyed and
unsuccessful tésts have been| carried
on in the U/S. since 1873, but only

/

reported sucgess of
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New California Approach
In Landslide Control

N ,.,..5',‘_{:':..44.

Low cost is a feature of the meth- ; 1':"‘
" ods here described, which are i

applicable in formations permit- ’
‘ . ting use of standard drilling
. o ' o . - equipment.

Interception and removal of sul-
v surface water is often an eflective
method of preventing or controlling
; landslides, especially the “slump” type.
N One method of subdrainage used ex-
tensively in California consists of
installation of horizontal drains, which

; lj . are¢ 2-inch perforated pipes placed in

1

, e
P .

S

i

L ® Figure 1 — Upper 4-1,/2-in. rock bit, 3-1/8-in. rock bit, and 4-in. fish-tajl bit
i \' with tungsten carbide inserts, Lower N-rod coupling and A-rod coupling.
H K ~

R i

» drill "holes 'bored into a slope. The
4 : drains ]are usually 100 feet to 300
' . . feet in length, and on gradients vary-.
By A. w. ROOT . ing” from %.‘pqrc,e_n,t;t%). 20 percen);‘. '
. : ' ﬁ(%r’iz_diﬁl' drains are frequently, but
Supervising Materials and Research Engineer, ‘ crroneously, described as “Hydrau-
California Division of Highways, Sacramento _ ger” drains. “Hydrauger" is the pro-

;i prietary name of one type of drill
i . ) used for installing horizontal drains.
- ﬂ(; ) L . One of the principal advantages of
i . ) ) the horizontal drain method of con-
N HE avoidance, prevention and tilted backward toward . the slope; trolling landslides is the relatively low 4}
- ;gl' control of landslides constitute an the surface of rupture may approach cost compared to other methods of [V’
‘. - important phase of highway design, an arc 'of a cireular curve, concave stabilization. The use of horizontal o 1§
R construction and maintenance in Cali- upward, but the shape of the curve drains is restricted to soil formations ¢
e fornia. There are numerous types of is greatly affected by any discon- which can be drilled economically ﬁ
14 landslide, which have been variously tinuities in the material. Most road-"  with available drilling .equipment, k .
Iﬂ c_lassiﬂed according to kind of mate- way slipouts are slump-type-landslides. Constant efforts to improve methods &
:-;;:,' ) l'rli.lll’: type of EoveFent’ causes and a The factors or conditions conducive  and drilling equipment have made Y vy
i great many other factors. to land movement are numerous, and.  possible the economical installation of 4"
o Probab}y the most prevalent. YPE it is seldom that one “cause” can be  horizontal drains in all but the most o
.!’H of ‘l“”dSI“llj’ and the one which s assigned to a landslide. ‘Nevertheless, difficult formations, By
D most t_"O“C e]s'(f)me' to ‘!ngilwa‘ , eng: it is generally agreed that ground For several years all of our drilling  §
n zl_(.u).s Im h{.l‘l ornia, F the “slum water is a major contributing factor  was done with “Hydrauger” equip- Kk
il ype. In this type o la_ﬂdSllde ﬂ}e in the vast majority of slump-type  ment and some of thesc_units are still
Sl - movement occurs along internal slip  Japdglides in California. Ground water  in use. Diamond® drill A-rods are -
Cin .?urf:'uces, and charactenstxca_lly the may act in several ways to induce used with these drills; all of our
e s‘urtace cracks  are concentric, and  Jand movement: the agtivating forces  carlier drilling was done with fishtail &
f{if - concave tO“}"‘"'d the direction of ., increased by hydrostatic pressure = or auger-type bits having tungsten .. &
, 2:\ movszmentt);l h?. top su-rfaces of the . by seepage forces; in the presence Thie ks . designating stands | ,
Tl mmg ocks or units are often of ground water, resisting forces are - fittings, :vll:;lcll':bn::;lgl:::mllngdslv[t"?lhn:li)sotr:pgrg; % i
lh“‘ N “ -« This article appeared in California Highways reduced by pore pressure or b.V lower . drill bit. Dinmond-sot bits, wlthough used for

R and Public \y.»rks, March-April, 1955, shear strengths of the soil. ) :2:(;1%;03::1;‘:.2}(1\?:;&:ﬁflﬂ.el;-u?.r.i."m nonnally
) M . . .1
{ L ' Al - . f
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carbide inserts. These bits were made

_up in our own shops. When small size
- oil-field type roller bits became avail-
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able we experimented with them and

Tound them greatly superior to the

fish-tail and auger bits. for drilling
rocky formations. Accordingly, we
addpted " the roller-type bit for all
drilling except in rock free earth. Fig-
itve 1 shows the rotk bits and fish-tail
type bit. -

Adoption of the roller type bit en-
abled us to drill to greater depths and
through more difficult rock formations

! which could not be penetrated with

the fish-tail and auger bits previously
used. But at the same time the more
difficult drilling increased power re-
(uirements and caused greater stresses

Sanitized Copy Apprdv'é

d for Release 2011/06/28 : CIA-RDP78-03642A002
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on hoth the drill rods and the drill
uit. As o result, breakage of the A-
rods became  excessive, and dt_was
fonnd that the TTydrauger air. ‘motors
Tl not_supply sullicient power. The
type of drilling which we can do with
the rock bil:s':nppeared to require a
more rugged and more powerful drill
unit than the Hydrauger which had
been nsed exclusively in the past.
Qur first attempt: to use heavier
drilling cquipment was with the Me-
Carthy Rock Boring Machine shown
in Figure 2. This drill, which was

+ designed for use with continuous heli-

cal hugers, drills rapidly in carthy for-
mations, but cannot drill to depths
greater than about 150, feet, nor will
it penetrate broken rock formations.
By micans of a water swivel fabricated
in Headquurters Shop of the Equip-
ment Department the McCarthy ma-
chine was converted to a rotary type
drill, wusing dimmond N-rods and a
%-inch roller type rock hit. Figure 1

- shows the relative sizes of the A-rod

and N-rod. The converted machine
operated very satisfactorily, and we
found that the use of heavier drill
rod. the hydeaulic feed: and superior
posver all were advantageous. This

55

. S"anitized

@ Figure 2 — McCarthy rock-boring mach

machine, however, had one serious
drawback: when using the machine
for forcing the casing into the drilled
hole, the cusing must be in front of
the drill carriage, as the design of the
machine prevents working through a
chuck; this necessitates using lengths
of casing which can be inserted be-
tween the carriage and outlet end of
the drain at the ground surface. In

@ Figure 4 — California horizontal drill w
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ith casing
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restricted working areas it is neces-
sary to use five-foot lengths of casing,
with a correspondingly large number
“of field welds. Also the McCarthy
machine is somewhat larger and more
powerful than necessary for the rotary
drilling work on our drain jpstalla-
tions, which results in some sacrifice
in mobility.

We_conld find no drill rig on the
lg:zxn'kgt"flbﬁigﬁed specifically for drill-
ing holes for horizontal drains, and
none which satisfied our requirements.
We desired a drill rig incorporating
the following features: the drill unit
should be complete with a gasoline
engine of adequate power; a suitable
transmission to permit control of
speed of rotation over a wide range;
a hydraulic feed with a minimum
stroke of six feet, capable of exerting
a 4,000-pound thrust; provision for
slowly rotating the casing concurrent-
ly with the jacking operation when
necessary; a chuck readily inter-
changeable for A-rod, N-rod or casing
and- so designed that long lengths of
rod or casing can be operated through

in chuck.

Copy Approved for Release 2011/06/28 : CIA-RDP78-03642A002400070001-7
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the chuck; rugged but
easily operated spuds for
maintaining alignment
and grade of the drill;
rubber-tired wheels and
three-point suspension to
ermit sharp turns; and,
Enally the over-all length
not to exceed 12 feet and
the weight of the complete
drill to be not more than
3,000 pounds.

The Materials and Re-
search Department had
for several years realized the neced
for such an improved horizontal drill,
and as no completely suitable ma-
chine“could be purchased, it was de-

cided to design and build a drill unit”

g;evgiﬁcally for horizontal drilling. Ac-
cordingly, the Equipment Department
was requested to design and build
a machine meeting the specifications
outlined above. As a result of this re-
quest Mr. Jim Keleher, equipment
design engineer, was assigned b
Equipment Engineer Earl E. Soren-
son to do the job. Mr. Keleher, with
the cooperation of the author and
other personnel of both the Equip-
ment and Materials and Research De-
partments, began designing the rig
in January, 1954, By March, 1954,
the final drawings had been completed
for a machine having the desired fea-
tures and meeting our specifications;
on June 30th the shop had completed
its construction.

The new drill rig, for the most part,
is comprised of standard or proven
parts or subassemblies similar to those
used in manufactured drills. The ma-
chine is unique because it incorpo-
rates the desirable features of various
machines into a light-weight, compact
drill rig especially suitable for the type
of drilling required for installation of
horizontal draips. The power unit is

R It A x»‘i

. P
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a 20-h.p. Wisconsin four-cylinder, air-
cooled engine, connected through a
fluid drive to.a four-speed Ford trans-
mission. Retation of the chuck is ac-
complished by a gear train from the
transmission enclosed in an oil-tight
housing. The entire drive assembly is
mounted on a hydraulically operated
carrjage with a travel of six-feet. A
Vickers 10 - gallon - per - minute  oil
pump, driven by the Wisconsin en-
gine, supplies oil to two hydraulic
cylinders, by means of which the
thrust can be controlled at any de-
sired feed pressure up to 4,000
pounds.

A specially designed chuck assem-
bly was required to permit the use
of long lengths of drill rod or casing,
and to provide for interchangin
chucks for different size rods. Stand-
ard A-rod and N-rod chuck heads are
used, with a shop-designed chuck
holder which permits quick change
of chuck heads. A special chuck for
gripping the two-ing casing is used
in the same chuck holder. The com-

Sanitized Copy Approved for Release 2011/06/28 - CIA-RDP78-03642A
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pleted drill rig is shown in Figure 8
and Figure 4.

During the design of the muchine
many difficulties were encountered.
Because these problems were solved.
on the drafting board rather than by
cut and try methods, very few modi-
fications were required after the ma-
chine was fabricated. The cost of
constructing the drill did not exceed
the preliminary estimate. .

On completion of the drill rig it
was taken to American Canyon on
U. S. 40 in Solano County for its
first operational test. During this test l'
it performed satisfactorily, and has
since been used on two other hori- |
zontal drain jobs. One of these instal-
lations was jn District V on San

CROUND WATEM LEVELY - i
PAIOR 7O (NSTALLATION
OF WOMIZOWTAL DRAINS }

€RPLONATONY  gORmINGS
- VEATICAL OAMINS b

CROSS SECTION OF AN ACTUAL ROADWAY SLIPOUT '
SHOWING EXPLORATORY BORINGS,HORIZONTAL ORAINS |-
AND VERTICAL ORAINS

i
Marcos Pass where the new California. ;
horizontal drill rig was used exclusive-, |
ly. Eighteen drains were installed at |!)
this location, five of which were 300 }!
feet or more in dépth and 7 others at” fi!
least 250 feet deep. This drilling wagd,
done at a very reasonable unit price/; ';
{

comparatively speaking, and the' {-
drains were very successful in inter-", &
cepting the subsurface water, The, P} ,
ease with which this work was accom-"§ !
plished by the new drill rig was a new
experience and a great satisfaction to.
every one associated with it.

As was expected,- operation of th
new drill revealed some “bugs”; how
ever, only a few minor changes were
found necessary and these are cur
rently being made. The satisfactory
performance of this first drill it |13
and its freedom from defects gttest’’
to the soundness of design and the{
high quality of workmanship. All per-"ij |
sonnel who participated in the ‘cm;-lﬁ# \
ception, design and construction of
this new horizontal drill are to be com- 4’
mended for their ability and efforts, 1
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The Mole ready for action. It is pulled through the underwater crossing 40 ft
of the pipe line slope and direction. .

“

at a time. At each station it takes

e o « how it works

W. F. Krueger

Sperry-Sun Well Surveying Co.
Houston, Texas

(4}

WONDER what’s  happening 1o
our Mississippi- (or any other large
river) crossing?” This is a question that
pops up frequently in the minds of pipe
line engineers. For underwater river
crossings have been known to wander.

From the time a crossing is first
laid in its underwater ditch several
forces act to displace it. While it is be-
ing backfilled the buoyancy of the
heavy clay or silt slurry tends to float
it upward, and sometimes the banks of
the ditch and even the back fill ma-
terial tend to slip or cave. Even after
the ling is successfully backfilled, the
river can scour beneath it, displace it
and again backfill it.

For example, not long ago a certain
company had to make repairs on its
Red River crossing. At the point where
a new tic-in was to be made, ‘the line
had virtually disappeared. After a spec-
ial pipe locator was' devised, the line
was found more than 100 ft from its
original location. The river had scoured
beneath the pipe, moved it to a new 16-
cation and dpp'\sncd a new sapd b‘lr
over it. )

To solve tlm pmhh.m qurlv le

D-12
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Basically, the instrument performs much the same tasks
as a surveyor’s level, transit and chain — inside the plpe
on underwater river crossings. -

working closcly with several pipe line -
engineers 'kvcloped the “Mole”. This

new instrument is simply a_modified
version of an_existing oxlwell survey-
ing i mstrumcnl For some years the oil
mduslry has b>‘cn drlllmg directional

Inner workings of the
Mole. Batteries in the right
foreground and electric-
ally timed camera just
ahead focused on incli-
nometer and gyro verniers
and clock. Inclinometer
reads angles correct to 3
min; gyro correct to min,

holes with uncanny accuracy, and lhe
backbone of this techmque has been
the_directional surveying mstrument
It is this selfsame instrument that is
the heart of the Mole.

The pnmary problem of dcvclop-

THE PETROLEUM ENGINEER, February, 1956
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ing.
measurement.

' _ difference.

: ment of the Mole was to modxfy the
 instrumentation and field techiniques of-
" ‘the. oilwell surveying instrument
(known as a_“Surwel”) to survey hori-
zoanlly ‘rather than vertically. .
Basically, the instrument performs
much the same tasks as a surveyor's
fevel, transit and chain — inside the
i m!llxugevel is replaced by an incli-
- . ‘nometer, the- transit_by a_gyroscope,
‘. the chain by wire lines, wire line meters
and??ﬁ?:hromzcd watches, and the sur-
“veyor himself js replaced by a movie
type camera.. The latter photographi-
cally ‘records the three-elements needed
lo {o obtain a pxpe line survey. The direc-
tion. element is the gyro and its scale
© “and \ vernier provide bearings to 10 min
of a ,,dpg:ee of-an angle. “The vertical

"THE PETROLEUM ENGINEER, February,

Two- ways of ‘propelling the Mole throughi the line.
top shows a pig pulling o wire line through the crossing,
which will later be used to pull the Mole through. Boitom
shows electric crawler pushing the Mole through the cross-
In this instance, the rubber-clad cable is used for =

Film record of the crossing shows
instrument readings, which are
taken every 40 ft or so. From these
readings, IBM digital computers
calculate Mole's path, Elevation
R S, closure to known end elevation
’ R averages about 1.2 ft per 100 ft

its scale and vernier prov1de slope to 3
min_of angle. The time of the. record
obtamed by photographing tiie_watch
indicates the location of the Mele_in
the plpc line.

accessories all are moun(cd in a frame-
work called the cradle. The cradle is
supported inside a vapor-tight protec-
tive casing so that it acts as a plumb
bob. Although the _casing mu,ht rotate
as it trdve]s lhrou!:h the pipe, the
cradle “remains pendulous to permit
groper funcuomng of the instrument
parts. Also inside the case are dry cell
batteries that supply the electricity
necded for illumination of the instru-

" ment.scales and for a timing device

1956
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that single frames the camera every 15
sec. Once the operator starts the Mole
it is self-contain “and self-operated

The instrument is ?ésngned pnmar-
ily for use with two wire lines runing
through the crossing. One line pulls
the unit while the other serves as a
back-up. Other forms of motive power
are available, however, and eventually
all of them w1ll be used. An electri-

of the Afchafalaya Rlver Also ﬁuxd
drive in a crude or products line could
provide the required motive power.

How the St‘J;vey Is Made

The first step in making a survey is
to pull a wire line through the pipe line

‘ D-13
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ANGLE 1S INSTRUMENT
ING AT STATION ||

‘with a pig, compressed air, line fluid,
or gas. If a crawler is available there is
no need to place the wire line through
the pipe.
..~The surveying begins after the op-
erator has checked his instruments,
_ started and oriented the gyro on a
known -direction, loaded and started
the camera, and synchronized the in-
strument with surface watches. The
cradle is thep placed inside the outer
casing and the end plates are bolted to
. _the.casing. Wire lines and swivels are
‘attached to the end plates, wire line
:meters are placed on the lines at either

end of the crossing, and the sgrvey is
begun.

The Mole is pulled 40 ft and stopped
for 25 sec to obtain gt le,lst one shll

record of the mslrumcnt reddmgs

After the 255866 pause the Mole is
.ndv.mced another 40 ff. This proce-
dureis successively repeated until the
cntire length of the crossing has been
spanned.

After the forward run has been
completed, a reverse survey run is
made, using the same increments and
stopping at the same stations as the
forward run.

Mole performs tasks of surveyor
with level, transit, and chain. Dis-
tance from station 10 to station 11
is usually 40 ft measured along
the line. From inclinometer reading
{correct to 3 min of degree) the ele-
vation difference "‘E'" and the hori- -
zontal projection “A'" are calcu-
lated. Horizontal projection A" is
transferred to plan of line and from
the gyro readings (correct to 10 min
of degree) the East-West (across
river} coordinate "'8' ‘and North-
South {up or down stream) coordi-
" nate "'C" is calculated. Later, affer
return run of Mole, the two surveys’
are closed against known values of
coordinates at crossing ends.

The survey interval can be longer
or shorter than 40 ft’ dep..ndmg upon
the pipe condition, but it has been
found that this interval prodyces a re-
liable survey. Where there are short
radius side, sag, “and overbends the in-
terval is usually decreased to 10 ft in
order ta detail more accurately these
sections.

The survey film is developed as soon"
3s possible after the field work has. -
been completed. Records are read at
each, survey station to obtain pipe
slope and direction. This information
is tabulated for both the forward and .

Typical plan and elevation of crossing calculated from Mole

rups. Horizontal scale 1 in, = 200 ft. Vertical scale 1 in. = 20 ft.

3. e
. e
// PLAN PROJECTION
G s s o e e - - -
. BASE LINE 5.65° 45’ W. ’
} : } } | | } f— | } } | } | } }
22 24 26 28 30 32 34 .36 38 40 42 44 46 48 50 52 54 56
_' 1
60— \\ PROFILE PROJECTION
- )
N. -
40— N .
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—
. \\\.‘__
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A B - c D E F G. H K

016 0200— S 7040 W 349 — 9.724W 2305 S - 52.676—  355.078W 87.756 S
017 0215— ST77°30W 1570 — 39.022W 8651 S 34.246— - 394.100W ¢ 96.407 S
018 Ol 12— S7630 W 838 — . 38.836W 9336 S , 55084 — - 432986W  ,105.743 S

019 00 09 S 75 40 W 105 38.755W 54,979 —

N
jv=)
L
<
het
(%2}

115.645 S

471.741W

~ Example of IBM run sheet showing station number, A;
slope or vertical angle, B; pipe direction, C; elevohon
increment, D; east-west increment, E; north- south mcrement

F; cumulative unadjusted elevation, G; cumulative unad-
justed east-west coordinate, H; and cumulative unadijusted
north-south coordinate, K.

reverse runs and then the two runs are
compared to .verify instrument per-
formance.

CLOSURE VALUES:
East—West

Elevation North—South

. Survey Crossing length % measured - 9, measured % nieasured
Thrce dnmcnsxonal coordinates of numher ° measured distance Fect (:list:mce Feet Ddxstnncc Feet ¢7diaumcc
each end of the crossing are needed be- v o VY] T . v 5 v
n-erun...... L - . N UL
fore the survey calculations can be gpm_mn 2 }g% 3‘!’% g_g lr.g,% g,g(; 839 8,gg
n-fun...... N . [ v .
Foranct sition ot hesorvey I amen. o b 48 o dR 4B 4 b 4l
or eac ation of the survey in a man- n-rum.... .. 8 N - 7. . 2 0.
or each § survey 8 Out-run 3484 266 ° 0.08 9.44 0.27 2.97 0.07
ner similar to a land surveyor’s cal- 9 In-run...... 340 2.6 0.7 2578 3;3 7. 031
9 Out-run (] 27.80 . 16.25 0.
gulations. Bipe slope. and - measured i - D A EA
g 0 Qut-run. ... 3. . ©25. . . . .
e'gt are_used_to_find the_ elevation frienadit ot ; R¥ 0%

“change, and horizontal distance of each.

survey leg Horizontal distance and

%£e direction are then used.to find the '
o

Three of the crossings were old lines
and seven were new. The size of the

pipe lincs) of the Mole. These values
are expressed in feet and also in per-

rizontal coordinates of each station.
““The -forward and reverse runs are

.computed independently to determine
the unadjusted coordinates of the sur-
vey end point. The difference between
computed coordinates and known
-values is expressed as closure, and
.. each survey is closed on the known end

“point by applying a straight line ad-

centage of measured pipe length.

In actual practice, these computa-
tions are made on IBM digital com-
puters. This speeds the final survey
projections and eliminates computa-
tional errors.

To date, the Mole has been used to
surveLIO rivet. crossings. All were

lines ranged from 16 to 30 in. and the.-

.iength varied from 1200 to .9000 ft._
The lines were filled with alr-natural;

gas’or crude oil,

Six of the new lines had been spot':
checked at “favorable positions for elé-
vation_ v lead lines, fathometer, and
even divers, A ¢ comparison of the eles

vitions o obtained with those of the

Petroleum Ex-

periment . Sta-

tion in -Bartles-
ville, loter joining Sperry-Sun Well Sur-
veying Company in a sales and engi-
neering capocity. In January 1954, he
.-set out 1o revamp oilwell surveying in-

" struments to make horizontal pipe line
‘surveys for underwater and marine
fines. Since then he has run surveys on
- 10 river crossings.

“performed during the instrument’s first
year of operation. Three of these pipc ~ Mole on its run tied in so closely that
The Author line surveys were on Atchafalaya the small differences could not be di-
W. E. Krueger is a native of New York " River crossings and the other scven  reclly attributed to_either method of
cny He moved to Oklakioma in 1931 were on Mississippi River crossings. mcasurcmcnt * K *
- e to enter Okla-
homa Univeisity
where he grad- PN
voted as o pe- ¢ W—\
troleum engi- . )
W neer in 1935. I,
o w 5] He worked . N - — = =
N R _3, 7} three years for &4 > .
! . o the U. §. Bureau
: of Mines at the
il .&é‘ e »J

justment for the three closure correc-
tions. The forward and reverse sur-
veys are averaged to obtain a compo-
site survey, and this survey is plotted
in both plan and profile projections.

" How Accurate Is the Mole?
These closure values are an indica-
"tion of survey accuracy. The accom-
panying table shows the three closure
.values for the last 10 survey runs (5

WHO  HIKED HIM T

THE' PETROLEUM ENGINEER, February, 1956
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; LW, INETT, PH.D.

| NEARLY ALL prcsent day rock drilling
' i3 accomplished by one of two me-
thods-—‘-percussive or rotary. Un-
' til comparatively recently, the percus-
qive system was confined almost exclu-
,',_ sively to “hard” rock and the rotary to
7t coal and other “softer” strata. Exten-
,.* give research into both methods has led
(/& to a full understanding of the mechan-
7% ism of each and consequently has
¥ widened' the spheres of application of
¥ each system. However, such research

hag also led to an appreciation of the
“% limitations -of the respective systems.
sBed In short, neither system has the capa-
i 4: city to drill hard rock types at high

i ;¢ penetration rates without the provision
# of high power-inputs, high applied
thrusts and considerable cutting edge
- wear. More particularly this latter as-
: ‘pect has led to the failure of rotary
: drilling in hard rock.

A study of main conclusions drawn

,- " pure percussive drilling reveals many
+4 common factors — especially limita-
’,‘ tions. It is possible to show that a com-
" hination ‘of the two systems in the
!" form of a continuous rotary motion
,}: 1 with percussion- superimposed offers
! 4( the best of both systems and eliminates
“' many of the common liniitations. Thus
4 rotary-percussive drilling wiil -enable
-g.‘ the harder carboniferous strata to be

% drilled at rates comparable with those
i already achieved by rotary methods in
s{ the softer carboniferous sandstones.
Ak To appreciate the design and prin-
h R clple underlying the combined system,
§ '} it is first necessary to refer to limita-
' tions of existing percussive and rotary
systems.

Percussive Drilling

Design of the percussive drill is well
%3 known; chuck rotation is integral with
§ piston travel. The rotation mechanism
4 is a ratchet and twist bar so designed
3 that the piston has a straight forward-
“3 travel during the working stroke. Im-
. mediately the return stroke begins,

i * This article is based upon a paper prepared by
Dr. Inett for the Annual Drilling Symposium of the
Department of Mines and Mectallurgy. University of
Minnesota, October 1955.

from mvestlgatlons in pure rotary and -
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pawls engage and the piston must ro-
tate as it moves back. Rotary motion
of the piston is transmitted by splines
(in its forward end) to the chuck and
thence to the drill steel.

Any drill operator realizes that to
obtain maximum penetration rate at
a given air pressure he must main-
tain a balance between the recoil at
impact and the degree of thrust he ap-
plies to the drill. This is well illustrated
by Fig. 1 (Cheetham and Inett, 1953)
which shows the variation of penctra-
tion rate with applied thrust, air pres-
sure being constant. This curve is di-
vided into three sections, each repre-
senting conditions defined by the
thrust applied.

Thrust is Prime Factor

" Low thrusts give rise to low pen-
etration rates, and there is excessive
“chatter” of the drill and steel. Thus
the over-all contact time between the
cutting edges and the rock face is ex-
tremely short. More blows may be
delivered to the steel while it is out of
contact with the rock than when it is
actually in contact and doing useful
work. Furthermore rotational speeds
are high and the angular distance tra-
velled by the bit in penetrating any
given distance into the rock is consid-
erable. In consequence the cutting
edges are subjec'  to severe abrasive
wear and there 15 cxcessive gage loss.

Medium or balanced thrusts lead to
maximum penetration rates. Drill steel
chatter has been reduced and the cut-
ting edges are in contact with the rock
iace when every blow is delivered.
Thus- maximum benefit is obtained
from each blow. Rotational speeds are
lower, so reducing both abrasive wear
and gage loss and permitting cutting
edges to bite into the rock with a
smaller angular displacement between
successive blows,

Excessive thrusts car - reduction
in penetration rates. Ti© inain effect
of this phase is that rotation becomes
increasingly difficult; rotation is soon
eliminated and the drill stalls.

Cheetham and Inett indicate that
the reasons for these phases are as
follows. At any given air pressure, the

"‘x"
R RN
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Rotary-Percusswe Drill Studles
Explam New Drllhng Technique

potential energy output from the pis-
ton head is substantially constant. Un-
der this condition, is it the applicd
thrust which is the controlling factor
in determining the actual energy out-
put and utilization of that energy.
Among other factors energy output is
dependent upon the impact velocity of
the piston; in turn, this is dependent
upon the nominal piston stroke. But
the machine is not always operating at
nominal stroke and the extent: to
which the stroke varies is dependent
upon the dpphed thrust,

In all percussive drills, the nominal
stroke is that exccuted by the piston
before it strikes the shank, assuming
that the shank is in the correct position
to receive the blow. However, due to
insufficient thrust, should the shank
not be in the correct position when the
blow is delivered, the piston will wver- .
stroke in excess of the nominal stroke
by an amount limited only by the de-
gree of air cushioning and the position
of the chuck rear face.

Chectham and Inett show that in-
crease in the applied thrust tends to
reduce overstroking progressively until
it is completely eliminated. Further in-
crease in applied thrust will then re-
duce the nominal working stroke. This
effect is readily explained. An increase
in applied thrust increases the resis- .
tance to rotation since the rebound of
the drill steel is limited and the con-
tact between the bit and the rock exerts
a resisting torque upon the rotation
mechanism. Since at any one working
pressure, the potential ablhty of the
piston to effect rotation is limited, the
return (or rotating) stroke of the pis-
ton is progressively reduced in length
as this limited potential is more rapid-
Iy used to overcome the “fotational
resistance induced by mcreasmg ap-
plied thrust. Thus a position is reached
when/ the resistance to rotation is so
high that"the piston is unable to move
and, in consequence, the machine
stalls.

Independent Rotation Is Best

In essence, therefore, rotation must
be maintained. Drill steel rotation can
be shown to the sum total of two com-
ponent parts, one being the rotation
due to the inertia of the rotation parts

75
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. i piston stroke alone. Figh2 shows t:e ‘ %f
Avplied Thienst—IKov fe 1111 M€ . .cflect of the applied thrust on the -
r&'_)])h(‘}(,l 1 h rust ’IX(/" lo D] l]hng bl)(ﬂ'ed over-all assembl)?l:nd each of the com- E Rt
ponent rotations. [t is certain that peak g
FIG. | HOW INSUFFICIENT THRUST AND EXCESSIVE THRUST speeds are reached whe!] the greater
301 : AFFECT ROCK PENETRATION RATE part of the inertia-rotation has been
o eliminated, i.e. there is just enough re- ,:;9 .
2 EXCESSIVE silience in the system to enable rotation
= THRUST to be effected without the resisting tor- 4
x DRILL que affecting piston travel. N B
& 20 STALLS To summarize, Chccxharl:1 and Ir;(ett k Z;I;J
4 x : claim that . . . “If full working strokes &
% INSUFFICIENT THRUST " BALANCED PHASE \\ and rigid positive control of rotation  J 4}
e LOW DRILLING MAXIMUM are to be achieved, then the mechan- 55"( l
b EFFICIENCY DRILLING SPEED , _ » th R
x X ism producing rotation should not %2 !
3 10F | _J derive its energy from the piston and f»_,“,.,
= BEST OPERATING must not impede piston' operation. :‘:’:
é RANGE STALL These conditions can only be satisfied :'--if.’
o - : by a machine having independent and i)
& ) variable rotation. In a machine of i!his 5
e ’ L L » L = type each blow could, under satisfac- " .
° 50 APPL:gg THRUST- leso 200 " tory thrust conditions, contribute its - |

full effect.” . : it

. 400« FIG. 2 HOW INCREASE IN APPLIED THRUST SLOWS -1

[ DOWN ROTATION Rotary Drilling
) The operation of a rotary drill is
| not nearly as complex as that of a By
[ percussive drill. A - relatively high uﬁf
I powered motor provides the necessary R
| shearing force and the thrust,’ again
I externally applied, provides the pres-
l sure force necessary to keep the bit
i edges well up to the rock face.

' As in percussive drilling, thrust is
: the all important factor governing pen-
I
I
|
I

III OVER-ALL ROTATION -
(OBSERVED)

3001

pc——————~ OVERSTROKE

200¢

, etration rate. This is clearly shown .
by Fig 3 and the shape of this curve ;
appears to be characteristic of most -
rotary drill bits in Carboniferous sand-
stones and shales. Many workers have
produced more or less the same curves

7

II ROTATION DUE TO
PISTON TRAVEL
'00F (cALCULATED) |

REVOLUTIONS PER MINUTE

TINERTIA

: ROTATION which, (as in percussive drilling) lend
CURVE III=1I+1I | (C,ALCULATED) themselves for division into three char- 4
] / acteristic sections.  ° : {. :
L 4 4 L 1 ¥ i
0 50 00 : 150 200 At low thrusts the penetration rate )

is low but improves at an increasing
_ rate as more thrust is applied. During

this phase, the cutting cdges appear to
FIG.3 HOW APPLIED THRUST AFFECTS PENETRAT'ON RATE be bouncing over the surface of the

: rock and, in consequence, should be
avoided since it is inevitably accom-
panied by severe abrasive wear.

Medium thrusts lead to a consider-
able improvement in both penetration
rate and bit wear. Obviously this phase
is the ideal working phase.

At higher thrust, the performance
deteriorates and a thrust is reached
beyond which the penetration rate ac-
tually decreases. Further increase in
thrust stalls the drill. This condition
should be avoided and is due almost
entirely to the accumulation of cut-
: tings at the bit tips increasing the re-
| « sisting torque to unsurmountable

’ levels. Thus a rotary drill will stall at

| ‘ - i —  high thrusts for very different reasons
Si - C - . APPLIED THRUST —» to those associated with percussive

!

!

APPLIED THRUST-LB

" .PENETRATION RATE —»

. CUTTING PHASE

GRINDING  PHASE

s

cLOGGING PHA.
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. REAR PERCUSSIVE HAMMER ; : -
PLAMETY G&ARL RING OF THE DISTRIBUTOR FRONT PERCUSMIVE HAMMER

| aa—

0

g DRILL ROD
ﬁ_ _i :
L

M

LU AN
j:
SR ‘
n\ @‘:’Z-’n CONE 1:12
S : : FLUSH HEAD
Bith &‘\"3'.4‘ ROTARY PISTON MOTOR SHAFT PERCUSSIVE PISTON PLATE SPRINGS
I IR A8 . ARV DR S . o '
) hgl NEW RO'I'ARX PERCUSSIVE DRILL is reported to drill is made by Hausherr in Germany. Unit delivers 6,000 blows
RRE ) ZIbOl?l five times as fast as-45-1b percussive hammer deill. Drill  per min at 1830 o 200 rpm. Weight, 255 1b,
Cang ! . .
1”‘\‘ .
":‘3 i
&
l"I i ‘

EXTERIOR VIEW of the Hausherr drill shown above. Drill
will usc cither air or water flush. Courtesy Nykerk Corp.

. - DRILLS on this jumbo develop 34 to 1Va-ton screw-feed
"pressure. Photo, courtesy Nykerk Corp., New York, N. Y.

~70 TO 80 DEG

\~15 TO 20 DEG

STANDARD BIT TYPE DISPOSITION OF

CUTTING EDGE )

ROTARY PERCUSSIVE bits perform entirely new tasks, and
design of cutling adge requires much careful study.

TYPICAL machine nomenclature-and technical data on threc
machinés is given in Table 1 p. 78; performance in Table 1L

Rotary-Percussive Drilling Calls for New Design

Rotary-percussive drilling was tried in Great Britain as  the machines are now in use. Several design®* of drills
early as 1922, but successful development of the unit and jumbos arc shown above. The problem of applying
failed. Recently, German manufacturers devised success- large th' sts, high rotating speeds, plus a percussive
ful machines in the Ruhr coalfields. Several hundred of action c& i+ for ingenuity in designs of drills and jumboes.

drilling—rotation rather than stroke.  Winder and Withers clairo . .t the ac- the  penetration. ,rate/applied  thrust

National Coal Board workers have
termed this latter phase the “clogging
phase,” and it occurs when drillings
are produced so fast that it is difticult
to depose them from the cutting edges.

cumulated cuttings surrounding the bit
tend to carry some of the thrust ap-
plicd to the hit when, in effect, the
whole of the thrust is not applicd to
the cutting edges, The falling off w

Aug‘ust' 1956—Engineering and Mining Journal
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curve is attributed to this cause. Clog-
eing also causes friction between the
bit and the side of the hole, thus
mereasing the torque required to effect
rotation; clogeing will eventoally in-
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FIG. 4 HOW ROTARY-PERCUSSIVE DRILLING COMPARES

WITH ROTARY AND PERCUSSIVE DRILLING

. AT VARIOUS APPLIED THRUSTS
Il
=
< L.
[+
z ROTARY DRILLING
=
- ¢
g PERCUSSIVE
- DRILLING
w
= }
W
a

u::-’-’-:." A .

. e n L

ROTARY-PERCUSSIVE
- DRILLING

o b v e A it oAb e i 2 i o+ 03 oo FRIETIN

duce stalling conditions. Of course,
higher powered rotary mechanisms-
can resist the clogging stages fcr longer
periods, i.¢. can work at higher thrusts,
than lighter machines.

At first sight, it would appear that
the limitations of rotary drilling could
be overcome by the application of a "\
- higher powered rotary motor combined L

with a higher flushing capacity for '
clearing debris. Unfortunately the
problem is not as clear cut as this for
there is the serious question of bit wear o
which is associated with high (and = %
low) penetration rates. The wear is

many times greater than that expe- .
rienced with percussive drilling and in- .
“duces a very rapid deterioration of :
penetration rate over comparatively :
small lengths of hole. t

This edge deterioration results in

— =T

T, ——

ITPIPPS Dot 1oy .

APPLIED THRUST —>

increased difficulty in drilling and is
severe at both low and high values of | -
penetration per revolution. In the first

TUble I. Nomenc’a"ure und Speuﬁcuﬂons _ case it is predominantly abrasive, i.e. ' :é"g
Machine...................... A B C tt‘ne forces mvolvec} are small l?ut the. 3 ‘I
a* Piston chamber o Bistens. o _ distance travelled in contact with the 3+
hamber............... woplr):)tltl(:giar;;ach One piston (i)srtl(?n rock is large. At high penctrations per . .
a* Piston blow rate per min. .. ... 2,500-3,000 3,400 00  revolution the deterioration is due to. . '
be (I}::);?;i;sys ;’é b}ow ftt-l'bi{ ,,,,,, 2.; 36 ‘36 overloading of the cutting edges, espe- ~
air motor hp. ., ... i i o
Rotation rate rpm....... ... .. 180 hard rock 100 183 cially in the lfarder rocks, and tnl?es :
' meditm rock 200 the form of impact fractures (chip- ~
o soft rock . 350 ping). In the harder rocks to which . i
ﬁ: ’Ili‘,r(;%llll?}::g;zg fele:te rotary drilling has been more specif- fud
e* Power driven sc:l':zw feed hp. .. 3 2.5 —_ !cally applied of ]a‘f:e, even the ,fhrusts ; i
Providing thrusts up to 1b. . .. 3,000 (older model 2,750 40000 ™M the so .called ideal range have o
provided 7,500) ’ been sufficient to cause chipping. . in
Usual thrust setting Ib. ... .. .. 1,250-2,500 1,700 . ‘ Lo :‘.
. Withdrawal rates ft per min. . 35 25-28 28 . e e ‘\)»"'X
f* Airline feed motor Rotary-Percussive Drilling i
*Letters match components shown in photo lower left p. 77. ' ‘ ;
: . It is now clear that the applied %
_ R - - thrust is the dominant control charac- =}
Table II. Rotary-Percussive Drilling - teristic with regard to high driliing ef-
Summary of Drilling Details (Inett 1954) ficiency. At the instant of impact in
- ‘ ‘ percussive drilling, it is not a signifi-
. Drilling Actual  cant aid to penetration but rather is .
O;lelr- sgfeerd Actual tpe;lie- a method of ensuring the maximum
Holes Feet drilling cycle drill lp:'lat:)m t_r ansfer of energy from th? pistonhead A
Ma- per per time in.per time in.per tO the drill steel. In the pure rotary ', ' iy
<Lhinc Rock type drill drill min min min min method the thrust is a means of en- Ny
" A.. Very hard sand- . suring that the bit edges do the job
stone......... . 48 396 200 24 104 46 of shearing the rock away. In the new"
A. Sandstone..... . ; cati ‘
A Vz:-ly i)t:?;sand- 40 330 150 26 70 57 system the quhed thrust satisfics both
stone. ... ... 40 330 - these conditions and, as such, s .
A 180 22 100 40 i :
C. Very hard sand- _, -claimed to inherit many of the respec-
stone......... 25 208 120 21 70 36 tive advantages.

. Thus rotary-percussive drilfing can
. Table Ill. Comparison of Maximum Speeds b%.dfl“;‘beg as percussive drilling in
o . . which the bit is continuously rotated
Observed in Varying Rock Types ggainst the rock face under the in-
Drilling Drilling speed over Actuai uence of a hlgh- thrust; or alterna-
Rock type system cycle in. per min rar:gil?.e;gr::lign tively as rotary drilling where the high
Sandshale Percussive (airleg) 7.3 11.0 t!lrusts S procesary for high ponetra-
Rotary ‘203 50°0 tion rates are obtained by the frequent
Sandstone Rotary-percussive R b application of impulses. Whichever of
}:%.—g;;swe (airleg) 4~. 9 6.1 . these two.descriptions appeals most,
Rotary-percussive 251 510 * the effect is the same and the drilling
Very l;ur d Percussive (airleg) h !’ action is such that there is not only. the
F sandstone gggary . 13.2 20.6 indentation in the rock caused by the
ary-percussive 240 46.1 percussive action, but also the mark

78 ineeri '
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of the subsequcnl rotary cuttmg ac-
; fiott. '

" 'The thrust application is critical
and, indeed, must be limited to the
most favorable level which varies with
' -tock type. The thrust must be suffi-

" .modic displacement- of the drill bit
{phase I—percussive drilling) but it
st hot be so great that it maintains
* the- edges in the indentation produced
by the impulse. The thrust must permit
" the cutting edges to slide out of the
mdcntatlon ‘of €ach blow. Thus thrust
evels néed not reach the heights char-
ncteristic of rotary drilling.

;SUCh is the principle behind the
erman :combined percussnve and ro-
tary - drllling system. It is not new; it
was used in Great Britain as long ago
as 1922 but was not developed be-
usé of contemporary technical diffi-
¢ulties. Figure 4 compares the pene-
tratton rate-applied thrust relationships
of the_three systems.

"At the present time there are at
least three” German firms with well-
iried-products on the market and there
at'e *over 200 machines currently in
use.in"the Rulir coalfield alone. See il-
"stratton lower left page 77 for a
odel which is typical of the design of
ese machines. Principal components
are lettered and named in Table I p. 78.

."To 'some extent these drill designs
" “haveé overcome many of the limita-
R tiohs of conventional drill types. It
hﬁs béeen shown that the follow-factors
‘are.inherent advantages of rotary-per-
v ‘.;.,cusswe drilling rather than very signif-
..dcant limitations of the individual sys-
g tems.

Advantages of R-P

‘1 Rotatlon is not tied to piston
trave] it is provided by a separately
) .powered unit.

lthe knowledge that each blow will be
" delivered from full stroke. Blow ener-
* gies can be accurately rated.

..-,»cdrrect position to receive the blow
- since the shank. will always be in con-
" :tact with the chuck face.
= .'4. A highly rated rotary mechan-
. i$m is available providing a readily ad-
- justable range of rotation values.
.." 5. A motor distinct from the rotary
-~ motor provides the high thrusts so
~ . necessary for high penetration rates.
" 6. Due to the cutting action, the
thrusts peculiar 'to the combined sys-
tem must not be as high as those of
. the rotary system alone; bit wear is
* . reduced.
" However, it is obvious from the

very different standards set by each of
specified machines that ‘there are still

» ¢iently high to prevent free and spas- -

2. Piston stroke can be fixed with -

" "3, The drill steel is always in he"

many unknown quantities in rotary-
percussion drilling. Such factors as
strength of blow, frequency of -blow in
relation to rotational speed, thrust, etc.,
are currently receiving attention both
in Great Britain and in Germany. For
the moment “clogging” has disap-
peared from the scene, but it is aimost
certain that it will again become ap-
parent as very high penetration rates
are attained. ¢

The manufacturers of the drill il-
lustrated lower left, p. 78 claim drill-
ing speeds of up to 35 in. per minute
in granite, 47 in. per minute in hard
sandstone, 67 in. per minute in me-
dium hard sandstone and 86 in. per
minute in sandy shale. The accom-
panying tables represent summaries of
data collected in the Ruhr coalfield.

. Table 11 shows the penetration rates

actually achieved by the rotary-per-
cussive drills under working conditions
and Table IIl compares the system

" with conventional drilling methods in

varying rock types.

It is to be expected that even more
striking differences will be attained as
and when a proper understanding of
the previously mentioned factors is
achieved.

Drill Steel and Bits

" Some brief word is necessary re-
garding the associated drill steels and
bits. Experience has shown that an
anvil block located between the piston
and the steel (the anvil block usually
passes through the air motor and
transmits the rotary motion to the
steel) ‘enables the drill steels to last al-
most indefinitely. (Otto and Kinna,
1953, suggest 10,000 meters as an
average figure.) However, a 10-15%
reduction in penetration rate can be
expected. Direct impact between the
piston and the drill steel is said to re-
duce the drilling life of steels from the
quoted average of 10,000 meters to
600 meters only.

The bits used with the initial rotary-
percusive machines were conventional
rotary bits, but, as might be expected,
they were not generally satisfactory—
they were too weak. However, while
bits in current use are still similar in
appearance to rotary bits, in design
they are really a compromise between
both rotary and percussive bits. Figure
p. 77 shows that they are of a more
robust construction that rotary bits—
indeed they must have the strength of
percussive bits—and whilst they show
a greater clearance space than con-

.ventional chisel bits, they again have

less clearance than rotary bits.

The actual disposition of the cutting
edge has been the subject of much
study. For instance, a percussive cut-

Aizgust 1956—Engineering and Mining Journal

ting cdge is merely called upon to frac-
ture segments of rock and drill design
tries to ensure that at the moment ot
impact rotation is halted. A symmet-
rical wedge edge is considered adequate
to do this. On the other hand, a ro-
tary cutting edge is expected to shave
a comparatively uniform depth of rock

from the base of the hole, but it is not -

expected to fracture the rock by an
instantaneous penetration. Thus at the
instant of impact the rotary-percussive
bit is known to penetrate rock at some
angle between the perpendicular ap-
proach of the percussive bit and the
horizontal attack of the rotary bit.
During the period between blows, the
bit must penetrate as a pure rotary bit.
To' facilitate these actions, the cutting
edge is but 70 to 80 deg only and is
set asymmetrically to the center line of
the bit. The bisector of the cutting
wedge forms an angle of 15 to 20 deg
to the bit axis.

Although various bit shapes have
been developed, that shown on page
78 represents the standard form of
present day bits. It has proved itself a
most reliable bit for use in all types
of rock.

As with conventional bits, bit wear
varies very considerably with rock
type, general figures being about 30 ft
per regrind in very hard sandstone,
80 ft per regrind in sandstone and
abnut 300 to 350 ft in sandy shale.
Whilst these figures represent a con-
siderable increase in drilling life over
rotary bits, they are very similar to
percussive cutting figures. However,

- bit wear can be said to lie between the

two extremes of rotary and percussive

drilling, but with a tendency towards -
percussive drilling values in compara- -

ble rock types. -
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FIG. 1. Monolithic caisson sunk 110 ft in Mississippi
River bank und actual plan of radial screen pipes at Shell refinery.

Shell Water Well to
Produce 10,000,000 GPD

Vast undergroind rese
type unit to replace ha

rvoir tapped by one new-
If of present vertical wells

EUGENE B. BRIEN*

FOR the first time last month, Shell
Oil Company tapped for its refinery
usc at' Wood River, Illinois, the huge
underground water reservoir provided
by nature from infiltrated waters of the
Mississippi River. Tapping a practi-
cally unlimited reserve of water, one
new, radial type well will produce a
minimum perennial guarantee of 10,-
000,000 gal per day, a supply suf-
ficiently large to meet a large portion

" of the nceds of the enlarged 170,000

bbl per day plant. This daily produc-

*tion, equal in volume to a tank 200

ft in diameter and 43 ft high, prom-
ises in-time to render obsolete about
15-20 ordinary wells the company has
been using in the past, it reports.

Treating Costs Too High
A major cxpansion of refining ca-
pacity at Wood River required the
company to extend its source of water
supply for steam -generation and for
*Eastern Editor,

makeup to cooling towers beyond thé
capacity of existing wells on the refin-
ery property. Overall chemical costs
for treating water from the old wells
had increased to a figure in the order
of one quarter million dollars per
year, while the hardness of the ground
water hiad more than doubled during
the last 18 years.

Shell therefore decided to seek a
reliable additional source of softer
water, and, in view of the proximity
to the Mississippi River, to investigate
the horizontal type of underground
water collector well developed by Ran-
ney Method Water Supplies, Inc., of
Columbus, Ohio. Economic studies in-
dicated that costs for treating surface
water taken directly from the Missis-

- sippi River would be greater than for
ground water drawn indirectly from
the subsoil of the river bank.

Test drillings by the radial well com-

EXCLUSIVE

P 769.6

pany along thc Mississippi River at
Hartford, Illinois, two miles from the
site of the refinery, confirmed that the
volume of water infiltration from the
river bed into the large undergronund
water-bearing formation, locally
known as the American bottoms a:ea,
could be relied upon to meet the addi-
tional estimated needs of the refiniry.
An ordinary vertical well sunk into
the same formation would tap only the
immediate vicinity of the well, a rela-
tively small arca. Sinking the “water-
wheel” type of well (Fig. 1) would per-
mit draining a thousand fect or more
of the water-bearing formation, pos-
sibly the equivalent of 10 or morc
vertical wells.

Developed in experimenting for the
recovery of residual oil from sand and
shale in the 1930’s, the waterwheel well
has two integral parts: A large, con-
crete vertical shaft sunk in an aquifer
(a waterbearing formation); and hun-
dreds of feet of slotted screen colicct-

ing pipes projecting from the shaft ra-

dially and horizontally at certain levels
in the aquifer. The Shell refinery well
at Hartford has a shaft with an inside
diameter of 13 ft resting on bedrock

- 110 ft below ground and ten 8 in.

diameter horizontal faterals, projected
approximately 1300 linear feet in a
fan-shape pattern in the formation.
This equipment has a design capacity
of 10,000,000 gal per day.

Well Construction

Construction of the well and the ac-
companying waterbeader to the refin-
ery 11,000 ft away began during the
winter of 1952 and was completed re-
cently. The central collecior, a mono-
lithic shaft or caisson almost 140 ft
long with an 18-in. reinforced concicte
wall, projects some 30 ft above ground
level in order to be above the top of the
inland levee and consequently above
the highest recorded flood water mark.
Atop the caisson, the clectrical equip-
ment controls and pump motors are in-
stalled without any special housing
other than their own weatherproof
casings. &

The caisson was constructed in 11-
ft 6 in. sections on the site sclected for
the well approximately 100 ft from the
east bank of the Mississippi. The rcin-
forced concrete of the first section was
poured in removable steel forms aund
fitted with a stecl shoe that was to act
as a cutting edge for -the sinking of
the shaft. After the steel forms were
removed, a % yd clamshell bucket
digging machine began cxcavating
from inside the shaft. As the digging
progressed, thc 118,000 Ib weight of
the section gradually sank it into “he
ground. (Fig. 2.)

A second section was poured simi-
larly into forms and madc an integral

Reprinted from THE PETROLEUM ENGINEER, March, 1954
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FIG. 2. Caisson, excavaled from inside
by claun-shell, sinks of its own weight.

part of the lower section. When the
concrete was cured sufficiently in this
seclion, the forms were removed and
the clamming was continued. The com-
bined scctions sank of their own
weight. The process was repeated until
the caisson rested on bedrock 110 ft
below ground level. One 11-ft 6-in.
section was constructed cvery third
day; the entire underground porlio_n
of the shaft was installed in approxi-

. mately one month. In sinking, lateral

drift of the shaft Proved negligible:
I-W drift was held to a small fraction
of a foot; N-S drift amounted to 9-in.

~(Fig. 3)

Fo anchor the caisson firmly and
to prevent water and other materials
from entering through the bottom, a
tremic-pourcd, reinforced concrete
plug was added (o seal the bottom.

Radial Collector Screen Pipes

When the bottommost section of the
caisson was constructed, 24, 10-in.
portholes were  precast in the shaft
wall. (Depending upon the nature of
the water-bearing formation, any other
section could have been provided with
as many as 36 portholes.) Before the
caisson was sunk, the inner cnds of
the portholes were fitted with blank
plates and ring gaskets Lo proteet the
plugs from being crushed or cracked
by pressure as they descended into
the ground.

“T'en of the portholes were fitted with
waged, cast-iron gale valves through
which the collector screen pipes were
o he projected.

Arter the well botom was scaled
amid dried of water, collector screen
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FIG. 3. Cast in 12-ft sections, caisson
is made into 2 monolith with an 18 in. thick wall

pipes in 8-t lengths were taken down
and forced aadially from the shaft
through the portholes with two 150-
ton hydraulic jucks. (Fig. 4.)

The first sections of cach collector
pipe had welded to them a special bor-
ing-head, @ hollow, cast-steel conical
digging-point with slots in its walls. A
removable inner sand pipe opening
onto the stots and extending from the
digging-point, through the length of
the screen pipe and the jack frame, and
into the caisson, allowed the sand and
water (o flow direetly to the bottom of

E 2y
T A
e N evied y
Fom iy
AR =

the shaft as the pipe was projected into
the formation.

In addition to removing some sand
from the aquifer, the air and water
action in the sand pipe created a re-

- verse jet action to losen the formation
ahead of the digging-point. Along with
this jet action, pressure from the near-
ly 100 ft of water head in the forma-
tion helped clear an assumed radius of
several feet of silt and sand a-ound
cach collector pipe. Periodically, the
formation was loosened by a reverse
flow of compressed air, increasing the

P
AT
R A ) .
W‘e/-*l’;‘xh"\i i Vo
ECRSAE S P .
A

FI1G. 4. Hydeaulic jacks forcing stotted screen
pipe at left through caisson wall into water bearing lormation,
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FIG. 5. Slotied screen pipes with welded boring head
waiting to he projected thraugh caisson walls into aquifer,

cllectiveness of the flushing action. A
coarse layer of gravel remained around
cach of the screen pipes to ael as o
natural gravel filter and (o increasc
considerably the capacity of the col-
lecting pipes. The amount of sand that
was removed averaged about 3 cu i
per lincar foot of pipe projected.

A special arrangement of rubber
packers around the outside surfaces of
the pipes at the portholes and a spe-
cially constructed  sliding hydraulic

packer built on the inside to withstand .

waler pressure and sand abrasion, pre-
vented water and sand around the
outer surfaces of the pipes from gush-
ing into the caisson,

After all but a small part of cach
section of the collector pipe had been
forced owmward from the caisson, an-
other 8-ft dength of pipe was welded
to the preceding section. This process
was repeated regularly until the pipe
had reached the desired horizontal dig-
fance, or possibly until it had encoun-
tered a targe underground boulder and
could not be forced outward any far-
ther, The maximum extension of any
pipe in this well was about 200 fi.

After all Taterals — 10 in all — had
been pushed out in this manner. the
total length of watcer-collecting pipe
amounted to 1300 lincar feet. The total
arca in the pipe open to the flow of
waler amounted to over 500 sq ft.
Water velocity  through  the sereen
openings when the three pumps are op-
erating at design capacity is about 0.03
It per second.

The screen pipes were made from
8-t lengths of “s-in. copperbearing
steel plates. Punched Hat with 14a in.
by L. in. sluts, two plates were formed
into semi-cieeles and welded together
o form a pipe with an S-in. inside
diameter, For cach lincar foot of pipe

there s 038 sq Mt oof openings, The *

cnds of the Jengihs are beveled to pe-
mit casy welding 1o stceeeding see-
tions. (Fig. 5.)

After the predetermined footage of
well sereens had been pushed o all
portholes were closed by (heir gate
valves and the pipes were then flushed
individually untit no sand flowed in
with (he waler,

Pumping Equipment

The installition has three, 2500 gpm
deep-well,  vertical,  4160-v  motor-
driven pumps; a position is provided for
a fourth pump it and when it should be
needed. Pumps are placed about 100
ft_helow ground level and have a suc-
tion head varying, in accordance with
the rise and fall of the river, from
about 10 to 40 ft of water. The com-
bined capacity of the three pumps at
minimum suction head condition is 10
million gallons per day with water de-
livered into the central refining area,
two miles away, against a pressure of
50 psi gage pressure in the refinery
main distributing headers.

Motors for the pumps are situated
atop the shaft. The initial average
draw-down of walter in the caisson is
estimated to be 7 ft when pumping
proceeds at the design capacity of
nearly 7500 gpm.

Gate valves at each porthole con-
trol flow of water through the individ-
ual lateral pipes. Any or all valves may
be openced or closed at will by means
of stems extending from the portholes
to the concrete slab supporting the
motors and switch gear. (Fig. 6.)

To carry the water from the well to
the refinery two miles away, a 20 in,
tinside  diameter) header was con-
structed and buried about 3 ft under-
ground. This water line, of pre-stressed

Sanitized Copy Approved for Rélease 2011/06/28 : CIA-RDP78-03642A002400070001-7

FIG. 6. Individually confrolled porthotes
permit tushing each lateral to remove silt and sand.

design and construction, has a 16 GA

steel core, wrapped externally  with-

No. 6 gage wire wnder tension and
lined both inside and outside with con-
crete 2 in, thick (Y -in. inside and 1Y
in. outside). -

Water Characteristics

Chemical  characteristics of the
waler to be obtained from this well are
cxpected to be substantially cqual to
clarified surfacc water, according to
the builder. The thick layers of sand
and gravel through which the wate -
must travel before reaching the collec-
lor pipes should remove substantially
all sedimentation and suspended solids.
‘The water should be fairly clear, have
a low dissolved iron content, and ap
average year-round temperature  of
about 60 F. Prolonged periods of high
or low river-temperature. are reflected
2 to 3 months later in the well, During
the summer, it is expected that water
in the well may be as much as 18 IF
lower than river temperature, a de-
cided advantage for cooling purposes,
During the carly winter, the waler
should be slightly warmer than river
waler. .

As temperature has an important
cifect upon the minimum productive
capacity of a well, the 10,000,000 gal
per day guarantce was based on (he
lowest average river temperature ex-
pected o prevail over any | (o 2
month period. As a consequence, nor-
mal average capacity may be consider-
ably higher during the warmer seasons.,

Installation Advantages
Other economiv advantares of the
waterwheel are indicated by the moann
facturer. Where o large upply of
water s required, and 0
aquifer can be used, the tade 1 .

oo
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FIG. 7. Aquifers adjacent to rivers act as vast reservoirs that aie continually replenished as their waters are pumped off,

fers one of the least expensive instal-
lations in terms of actual construction
cost, maintenance, and service life.

The present installation, including
the two-mile water header, cost some-
what over $625,000. The well alone
cost about $250,000.

The large diameter (13 ft inside) of
the central shaft permits the use of
larger and more efficient pumps, pump
Jsers, and motors. Reportedly, pump
cfficiencies of 85 per cent and electric
motor efficiencies of 93 per cent are
standard.

The large shaft also permits easy
access to the interjor to facilitate re-
pairs. Additional or new screen pipes
may be pushed through extra port-
holes in the caisson without interrupt-
ing service of the whole installation for

E any extended time.

Even in high floods, all operating
machinery is protected from raw water
entry by the monolithic structure. In-
stead of promising destruction, floods
should increase the effective suction
head and consequently should' enhance
the productive capacity of the well,
the builder states. Being a self-con-
taincd unit, the collector operates as
long as power is supplied. In this case,
a dual power supply at high voltage
has been provided.

The large area of screen exposed —
over 1/3 sq ft for each linear foot —
permits low infiltration velocities
through the screen openings. The ex-
tension of the collector pipes far be-
yond the central shaft helps reduce the
approuch velocity of the water through
the water-bearing formation.

Onec direct result that assures longer
service life, the builder reports, is the
low pressure drop between water in the
~ipe and in the nearby ground during
normal pumping operations. With low
pressure differentials, it is believed, no
substantial liberation of dissolved car-

bonic gas, generally credited as the
basic binder of alumina, silica, magne-
sium, and iron combinations that form
incrustations, should take place. An-
other result of low pressure drop is the
small loss of head: water-level in the
shaft is but slightly lower than that
in the ground, a fact said to be in
striking difference with most other ver-
tical wells as their age lengthens.

Geology of Aquifers

Other refiners plagued with water
shortage or expensive water treating
problems might well observe the gen-
eral availability and functions of un-
derground reservoirs. Practically all
rivers or other bodies of water have
adjacent to them permeable forma-
tions that hold vast quantities of water.
For an understanding of the volumi-
nous supply at hand in aquifers, one
needs but to note that one acre of
river bottom near Canton, Ohio, per-
mits 3,600,000 gal per day to infiltrate
to the water-bearing formation, as re-
corded in one section of the Nimishil-
len Creek by the Columbus Depart-
ment of Public Works. At flood stages
presumptive evidence of rates as high
as 6,000,000 gal per day per acre have
been recorded when water levels in the
formation were sufficiently low to re-
ceive such a recharge.

To explain further the “why” of
underground reservuoirs, it may be de-
sirable to describe briefly the occur-
rence and characteristics of this source
of water. During glacial times, Ameri-
can rivers were many times larger than
those existing today. When- the glaciers
began to melt, gushing torrents cut
deep valleys over the face of the land,
As the flow from the melting ice dim-
inished in volume and velocity, de-
posits of clean gravels and sands filled
the previously eroded valleys. Much
reduced in size today, these same val-

leys channel our present rivers to the
sca over the deposits of sand and
gravel. (Fig. 7.)

Wherever deposits of this nature
exist under bodies of water —assum-
ing the absence of stagnant s.It —they
contain greater quantities of water
than can normally be replaced by in-
filtration from the bottom of the
strcam or lake. The qualitative and
quantitative supply of water otainable
from these formations can be accur
ately analyzed and predicted.

When large volumes of water are
required, as in the range of 1,000,000
gal per day, they are best obtained
from exposure of a large arca of highly
permeable aquifer parallel to a river.
Small and even infiltration loads are
placed on the river bottom and slow
entrance velocities can be maintained
in the collectors.

One pronounced differcnce between
surface and underground rescrvoirs is
that the latter do not remove produc-
tive land from cultivation. Storage ca-
pacity never decreases, so that the un-
derground formation can supply peak
loads even during periods of low flow
in a stream. The surface of an infiltra-
tion area, the botiom of a river, seldom
silts up, according to present records,
The reason is that water moves along
the river bottom in planes roughly per-
pendicular to the dircction of infiltra-
tion. The fines do not remuin on the
surface of the infiltration as they do
on regular filter beds, but are contin-
ually removed by the river flow and
temporarily replaced by material com-
ing downstream. River beds are con-
stantly scoured and built up; no per-
manent layer of fine silt and organic
matter has the chance to form, Con-
sequently, the productive capacity of
a formation fed by river infiltration
may be expected to remain substan-
tially constant. ok &
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by Victor Zeni and Thomas N. Williamson

6-ft diam core drilling machine has successfully

completed seven mine shafts in Virginia and
West Virginia to depths as great as 465 ft. There is
no practical depth limitation to this new system—a
potential method in formations not easily penetrated
with other large-scale drilling programs—and higher
penectration rates and larger diameters are possible
in some formations already being drilled success-
fully by other methods. '

The core barrel on the machine is fitted with roll-
ing cutters such as those used on oil field rotary bits,
s0 that less torque is required than with other large-
scale drilling systems. The core is made with a wider
kerf than is achieved with other coring methods,
providing more working room for core drilling.

Machine Development: In the early 1950’s the
Zeni Corp., a shaft sinking company, foresaw an ex-
panded need in the mining industry for large-di-
ameter drilled shafts to be used for portals, ventila-
lion, or access. After studying conventional shaft
drilling methods and other )
available, the corporation investigated the oil field
rolling cutter.

This method of rock drilling was being accepted
by the mining industry for blastholes in diameters
from 4V, to 12Y in. The possibilities of coring or
of drilling all of the bottom of the hole were both
considered. Removal of the vast amount of cuttings,
the need for tremendous thrust on the bit, and other
considerations made it desirable to core. Special
cutters would be required, since none were available
to roll in these very large diameters or to cut a
practical kerf width.

The drilling rig developers decided to build a
machine that would go into the hole on a wire line.
Since the rolling cutter drills b\ overcoming the
compressive strength of the rock., the machine

would be designed to apply » thrust of at least 100.-

mVIETOR ZEr*II"i's .w_ith Coal Staté__Co:‘srruction Co., Morgantown,
W. Va., and T. N. WILLIAMSON is with the Engincering Dept.,
Hughes Tool Co., Houston, Texas.
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“Sinking Large Diameter
Mine Shatts
by
Rotary Dri”ing

SAFETY LAMP

OPERATORS
PLATFORM

ALIGNING JACKS
LOCK AGAINST
ROTATION

VACUUM PICK UP
AND ROTARY
MOTORS

RING GEAR AND
THRUST BEARING

CUTTINGS PICK
UP PIPES

COMPRESSED
LIR PIPES TO
BEAPINGS

CUTTER
MOUNITING RING

CUTTERS

Zeni shoft sinking machine. Estimated cost of drilling ma-
chine and auxiliary equipment is $100,000. Drilling machine
weighs about 25,000 tb. Drawing by W. L. Myers, Jr.
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The machine is equipped to mount two sets of cutters with
six in each set, but only one set of six is currently beiwy used.
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Calyx drill. Holes have been drilled as large as 5% ft diam.

000 1b on the bits. It would be capable of rotating
the core barrel at seven different rotary speeds be-
tween 0.9 and 15 rpm, as there was no prior experi-
ence to narrow this rpm range. Thrust was to be
applied to the core barrel und bit by anchoring to
the wall of the hole and using hydraulic pressure
against this anchor.

At the beginning of this development it was be-
lieved that the volumes of air or mud required for
positive or direct circulation would be prohibitive.
To clean the kerf, in either wet or dry drilling con-
ditions, vacuum equipment was incorporated in the
design.

Cutter Development: After determining that a
kerf 4 in. wide would be practical, Hughes Tool Co.

456—MINING ENGINEERING, APRIL 1957

engineers designed a cutter to voll in a 75-in. diam
hole. This particular design will work satisfactorily
in any diameter from 5 to 8 ft. Mounted on a con-
ventional bit bearing of the tri-cone type, the cut-
ters are bolted 1o a ring on the lower end of the core
barrel. The angla of the bearing pin is such that as
the bearing wears the cutter is forced out, coimpen-
sating for gage wear. There has been no scrious
difficulty in getting back to bottom with a new set
of cuiters because of an undersize hole.

PBulure tests of equipment and method had begun
at the Hughes laboratory, rig developers had started
embling pavts for the machine. Design and de-
spment progressed concurrently with machine
consiruction, with many improvisations for the sake
of expediency, Trotter Coal Co., the first shaft cus-
tomer, was very cooperative during this stage of
development.

An accompanying sketch shows the principle of
operation, A vertical thrust jack works against a
horizontal anchor jack applying a load to bits on the
rotating core barrel. Both jacks are hydraulically
operated and are controlled from a central panel.

A 7%-hp industrial vacuum machine was used
for cuttings removal. A 25-hp electric drive motor
for the rotary and a 7%-hp motor for the hydraulic
pump were provided. As no suitable hydraulic cyl-
inder for applying thrust was readily available on
the market, one was made from 16-in. casing in the
Zeni shop. The 10-ft core barrel, of 70-in. diam, was
fabricated from %-in. plate. Steel angles werse
welded longitudinally for rigidity and strength. A

cuttings chamber was made by installing a floor at

about midlength inside the barrel.

A two-way swivel was designed and fabricated to
permit simultaneous vacuum pick-up of cuttings and
the passage of compressed air to the bearings for
cleaning and cooling. A large ring gear and a thrust
bearing were mounted on top of the barrel. A heavy
duty truck transmission and differential were
mounted between the electric drive motor and a
vertical shaft with pinion, which engages the ring
gear on the barrel.

The operator’s platform, on which all controls are
located, was placed just above the midpoint of thz
mechanism above the core barrel. Small mechanical
screw jacks were installed horizontally at the top of
the core barrel and at the operating platform level
to assist in maintaining a straight hole and to heln
prevent rotation of that part of the machine above
the core barrel. Owing to the plumb bob action of
the machine these screw jacks have not often been
needed for directing the hole.

The large horizontal anchor jack is at the top of
the thrust jack. The hook on top of this anchor, by
which the machine is lifted, is equipped with 1
spring-loaded mechanism that will grab the wall of
the hole to prevent the machine from droppinz
should a wire rope break while it is going into or
coming out of the hole. A round hinged roof with
door on top of the anchor jack protects the men and
machine from falling debris. So far therc has been
practically no spalling of the smooth shaft wall.

The machine is equipped to mount two sets of cut-
ters with six in each set, but only one set of six is
currently being used. Six cutters provide a suffi-
ciently smooth operation and a higher unit loadinz
on each cutter with the thrust available. Use of
fewer than six cutters at one time is not recom-
mended, as three of the six cut the inside Yalf of tha
4-in. zerf and three cut the outside. FEach of the
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A core barrel for laboratory use was equipped with a two-way
swivel to permit cuttings to be picked up with vacuum and
air to be pumped to bearings to keep them clean and cool.

n-“‘_?:’“,\__&v B
=SRERE

.

e

v A vacsvavawas,
=

Fysmment

S
Rl e b
This 6-ft diam core drilling machine has successfully com-
pleted seven mine shafts in West Virginia to depths as great
as 465 ft.

D s URpert N N

three cutters in each path has different numbers of
teeth so that any rock gear formed by one cutter is
broken up by the others.

A stiff leg derrick on the surface originally
handled the equipment and core pulling chores sat-

isfactorily but has recently been replaced by a truck.

crane.

Cost of the drilling machine and auxiliary equig-
ment is estimated at approximately $100.000. Tte
drilling machine alone weighs about 25,000 1b.

Starting the Hole: In starting a new hole, surface
excavation is done by clamshell or other conver-
tional means through the soft surface to bed rock or
to a depth of about 30 ft, whichever is less. A 6-ft
ID precast concrete shaft collar is inserted in this
excavation. This heavily reinforced precast concrete
pipe is in easily handled lengths which interlock.

Five to 10 shifts are required to move in the set-
up and tear-down equipment for each shaft.

Water and Ventilation: Preliminary plans were to
handle water, as it was contacted, by groutirg
through short jackhammer-drilled holes in the bot.-
tom of the shaft or through bulkheads in particu-
larly troublesome areas. After the first shaft this
plan was abandoned in favor of pregrouting the
complete area through an 8-in. hole at high pres-
sures. Short sections are plugged at a time, startirg
at the bottom. This grout finds its way into all
crevices in the area of the shaft and stops all the
main water flow in those areas where it has been
used.

Since it is located just oulside the proposed shaft
circumference, the siall grout hole is later redrilled
and used for ventilation. A suclion fan placed cn
top of this hole draws air down the shaft and up
through the hole. The shaft sinkers tap into the ad-
joining hole at frequent inicrvals to keep air cir-
culation close to the work. A 12-in. canvas blower
sock originally provided for ventilation was thus
teplaced. Some of the seepage water is also removed
as mist in the air drawn through this hole.

Water has been encountered in every hole, so that
the machire has always operated in enough water
to cover the culters. This has so far eliminated the
need for air to the cutler bearings. Air courses can
be provided to clean and cool the bearings for dry
drifling. The double swivel on the machine and sep-
arale pipes to each cutter permit compressed air
from an outside souvce to be pumped to the bearings
when a dry hole is being drilled.. Dry drilling has
been done using another circulation method by the
U. S. Army Corps of Engineers. This system will be
discussed briefly later.

Progress Data for Shaft No. 6 at Bunker Mine Na. 2, Trotter Coal
Co., Core, W. Va.

Diameter 5

Depth of shaft, £t 464.3
Depth drilled, ft 452.5
:I‘otal elapsed days (single shift) including holidays 79
Total drilling days 55
Feet per hour, including down time 0.93
Feet per hour, drilling time only 3.4
Feet per 8.8-hr shift 8.23
Feet per set of cutters 51.9
Feet dritled per trip 3452
Trips per shift 2.7

Cutting Pick-Up: The vacuum system picks up
cuttings and water, both of which arc deposited in
the cuttings chamber, which has a rubber flap valve
on the outside of the barrel. The operator on the
machine intermittently stops the vacuum motor,
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Speciol truck-mounted crane for handling core and equip-
ment. All electric power is conneccted to the crane.

which allows the flap valve to open and the water to
flow from the chamber back into the hole.

Crew: A crew of four men is needed, two on the
machine while it is in operation and two on the sur-
face. Except during the core pulling, only one man
at each place is busy, and during the drilling these
two are only operating controls and recording data.
To take care of any emergency, during drilling, two
men stay on surface and two in the hole. The men
do not ride the machine into the hole. A separate
line with special bucket is provided for this purpose.

Operation: In drilling, the anchor and thrust jacks
are set, the vacuum motor is turned on, and the core
barrel is rotated. Telephone communication is main-
tained between the hoist men and the machine op-
erator, and drilling times, hydraulic pressures, and
other operating conditions are recorded at 2-in. in-
tervals. This telephone report not only provides
an excellent log of operations but also gives constant
contact between surface and machine for safety.

Core Pulling: After about 5 ft of core has been
drilled, the drilling machine is withdrawn and the
core catcher inserted. The catcher is made of two
large rings separated by several longitudinal steel
plates, slightly longer than the core. There are cams
on the inside of the lower ring with steel rollers held
in a track or a cage. As the catcher is pulled, these
vollers are forced into the core by the cams. While
other ecrew members are pulling the core, one of the

- crew shovels and rakes the cuttings out of the upper

drilling machine chamber.
A slight explosive charge in a small jackhammer
hole drilled to the bottom at the center of the core

458—MINING EMGINEERING, APRIL 1957
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Core catcher made of two large rings separated by scveral
longitudinal steel plates slightly longer than the 5-ft core.

has broken off all cores satisfactorily. This is ac-
complished with less than half a stick of dynamite.
Many cores are broken without any blasting. In
drilling a 400-ft shaft of this type in West Virginia,
it can be expected that 10 pct of the cores will break
up in the hole and require hand loading.

In dry holes the Army machine, previously men-
tioned and described later, had some difficulty in
trying to break the core with a dynamite shot in the
kerf. Two sticks of dynamite placed in the kerf
against the lower part of the core and covered with
several gallons of mud failed to break the core. One-
fourth stick in a small hole drilled in the center
broke them nicely.

Major Machine Revisions: Although the stiff leg
derrick worked satisfactorily to handle this equip~
ment, a special truck-mounted crane with more mo-
bility was designed and built for the job. All the
electric power is connected to the crane. From its
control panels each piece of electrical equipment,
both in the hole and on the surface, gets its power.
The crane operator thus can start or stop the fan, the
compressor, the power cable hoist, and the drilling
rig at any time.

It was found after a few shafts that about 7 rpm
would be satisfactory for all formations expected to
be drilled.” The multispeed transmission was elim-
inated to provide a stronger gear train. It was also
found that 25 hp was inadequate for the rotary
drive, and in its place two 25-hp permissible explo-
sion-proof motors have been installed. Each of these
has its own vertical shaft with pinion engaging the
ring gear on top of the core barrel. '
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Vacuum circulation system.

Formations: Formations so far encountered in
shaft No. 6 have all been sedimentary shales, lime-
stones, and sandstones. They are soft, medium hard,
and hard. No extremely hard formations such as
granite or trap rock have as yet been drilled. Cut-
ter life on shaft No. 6 averaged about 51.9 ft per set
of six cutters. This is about average for all shafts.
Cutter costs have been just under $8.00 per ft. Total
costs of shafts of this diameter appears to be appre-
ciably less than for other methods under comparable
conditions. It appears from the data that on a three-

shift basis, a 400-ft shaft could be completed at this -

location in 30 days.

Penetration rate has averaged about 3 ft per hr.
Progress has been at the rate of about 8 ft per shift.
Steps to reduce down time and increase the advance
per shift are being considered on a machine to drill
8-t diam shafts now being designed.

Other Related Tests and Developments

Army Tests: At their Research and Development
Laboratories, Fort Belvoir, Va.,, U. S. Army engi-
neers drilled 5-ft diam holes to 30-ft depths in hard
limestone with a surface-operated rig. They ob-
tained a vacuum by an aspirator or ejector effect
with compressed aiv. This system worked very well,
but the tests had to be stopped prior to the elimina-
tion of several mechanical weaknesses in the first
sel-up, as the machine was nceded elsewhere on
other types of work.

Casing: After the first Zeni shaft was drilled it
was cased (rom the bottom up with 6-ft diam casing.
Sections of caxing 30 ft long were welded circum-
ferentially in the shaft to the previously installed
seetion. Special jigs and handling devices were
needed for this work., Reamers and collapsible cut-
ter mountings have been considered to allow casing

to be done simultancously with drilling in unstable -

ground in the future.
Man Cage: The Connelsville Mig. Co. has designed
a two-deck round elevator cage weighing 6500 1b to
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Ejector circulation system.

be used in these shafts. Ten men can be comfortably
accommodated on each deck. This is a fully auto-
matic passenger-operated counterbalanced system
incorporating an overhead friction hoist and includ-

ing many safety features. One of these is being used

successfully in the first shaft drilled, regularly
transporting 20 men each trip. About 1 min of
travel time is required for 467 ft. .

Positive Circulalion to Clean Kerf: Subsequent
laboratory tests have indicated that positive or di-
rect circulation of air or water without using exces-
sive volumes might be practical where formations
or other conditions make it appear unwise-to put a
machine in the hole. This circulation method for
large shafis, however, offers other problems not yet
solved.

Conclusions

The rotary drilling system offers opportunities to
drill shafts to 8-fl diameters and perhaps larger in
any area where water can be économically con-
trolled. Cutters have been made or designed for
holes as small as 18 in. and for a wide variety of
forinations. Chief limitations on size are portability
of equipment and the ability to break and handiz
cores.

The compact nature of the equipment makes it
adaptable for drilling between levels undergrounc.
This system offers speed and economy in small and
medium-sized shaft sinking. It also provides a fin-
ished hole with a minimum disturbance to the shaft
wall and optimum conditions for ventilation if the
shaft is to be so used. It appcars to he one of thoe
safest methods of shaft sinking so far devised.
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| Contracting firms at a large West Coast storm  minute . . . enough to load a six (4 cu. yd.) car frain
drain project employ a unique sand tunneling every 14 minutes. Daily progress averages 35 feet.
method that utilizes the loading speed and versa- - 3) Dependable Service . . . The Eimco .is giving de-
Ii!ify of an Eimco 630 Crawler-Excavator. pendable on-thc-job service while working in this
The Eimco mucks at the base of a shield forced into abrasive sand . . . a real test of the machine’s rugged
the tunnel face by hydraulic rams bearing against the and profective construction features.
lasf set. The shield’s broad apron sustains the Cei“ng The Eimco 630 is consfan“y meeﬁng new chal-
and sides of the new cut until supports are installed. lenges and getting greater tonnages at low operating
Here are some of the operating advantages being costs, ‘Watch it in action . . , then you be the judgel
displayed by the'Eimco 630: e
1) Loading Power . . . Though procedure does not :
require blasting, material at the face is tightly packed.
The Eimco’s 6,000 pound digging power and indepen-
dent track maneuverability (it crowds from any angle
without making a new approach) are used advan-
‘tageously to force the half-yard bucket into the face.
2) Discharge Speed and Versatility . . . The 630 re-
verses about 35 feet to discharge into a large hopper
on side-mounted rails. To load in the cramped (10’
rounded horseshoe) sections, the Eimco relies on over-
head rocker arm discharge. While the machine moves
from the face to the hopper, the operator gefs the
loaded bucket into dumping position . . . thus lost
motion between excavating and discharge is held to a
minimum. The Eimco traverses the 70 foot cycle and ‘
still dumps two cubic yards into the hopper every 2
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*The job was to drive 108 ft of 60-
in. reinforced concrete pipe
through the Central Railroad’s 44-
track embankment at Fanwoodj.
N. J., for the township of Scotch
Plains. Some 19 ft below rails and
on a slight upward slope, the pipe
was pushed 82 ft of the way by
two 100-ton Joyce air-powered
screw jacks. The rest was done in
open cut. How contractor Angelo
Fastiggi & Son Inc., of Cedar Grove,
N. J., handled the jacking on its
$15,700 sewer job is shown in the
accompanying illustrations.

/

’

7z

PIPE 1S HANDLED by hairpin hook slung from Bucyrus-Erie 22-B  SECTION 1S LOWERED into i2x20x10-ft deep jacking pit that is

crane al.tar doliv.ory from near-by Lock Joint Pipe Co. plant. Esch sheeted and floored with 3-in. plank. Some 20 tons of broken stone
4-ft section of this 60-in. ID concrete pipe with &-in. reinforced wall  below floor gives good drainage. Track on which pipe rests and

weighs 3,600 Ib. Railroad is at the rear.
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jack frame rides is timber armored with steel plate.

— January 1953
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PI.PE IS LUBRICATED with asphaltic paint before push {o lessen JACKS ARE EXTENDED or rotracted by air motors oper‘ﬂed by
friction. Jacking frame is of bolted, well-seasoned oak 12x|2s, Frame's  210-ft Chicago Pneu}ﬁafic coinpressor, Normally used for lifting
face bears against pipe's lip and shoulder. diesel locqmoﬁves;"I'OO-'#“-fn.Joyce jacks have 30-in. stroke. .

RN, : \ b i ) e i
FACE IS MUCKED OuTt by hand as Inger’éoll-Rand spade run by  SPOIL IS DUMPED into jacking pit from which it will be clammed

105-ft LeRoi compressor loosens sandy, bouldery clay. Cutting edge  out., Job works three shifts daily, advances average 7 ft in each.
on pipe end is 10-in. wide band of Y5-in. steel plate. - Wincharger generator supplies night-work light.
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BLOCKING IS ADDED as necessary between jacks and frame, as  FRAME IS RETRACTED by wire rope from crane through snatch
pipe is pushed into embankment. Blocking timbers are generally  block anchored to abutment, so next pipe length can be insorted
12x12-in. aged oak. Abutment at rear, which takes reaction of two into line. Resting on top of self-retracted jacks is Y3-in. steel plate
jacks, is 10-yd, 10xIZ-ft concrete block 40 in. thick. that will be placed to prevent rams crushing frame,

v
PN

&

33 . S et RS ¢ ..ﬂwl
o LA bl Wk S 100 e B AN AN A5

- . . January 1853 — CONSTRUCTION Methods and Equipment fuge 79

1

Sanitized Copy Approved for Release 2011/06/28 : CIA-RDP78-03642A002400070001-7




oA
ifves
Jsier
-ns hand
i line.
ole and
. ble, too
Adniimum.
r-lasting
entative

~tionally

o]

B R L
i

p———

‘formation

vl 4-20 in
. mples will
. YWrite on

Ly ey
ERARINRY
o 30, HI,

R e )

« information

Sanitized Copy Approved for Release 2011/06/28 : CIA-RDP78-03642A002400070001-7

s Mo 25

Cradling the torque tube of this boring machine in a
single spherical bearing gives limited ungular position-
ing in any plane ol its centerline. The torque tube
supports a central boring head shaft. .

The outer race ol the spherical bearing is supported
on a sub frame, longitudinally adjustable on a pres-
sure pad assembly. Relative motion between pressure
pad assembly and sub frame forces cutter head into
solid material to be removed. Angular motion be-
tween torque tube and subframe (movement in the
spherical bearing) positions and changes direction of
tunneling action.

Machine weight is carried on skid plates under sub
{rame and at rear of machine frame. Rear skids are
mounted on four double acting hydraulic cylinders
independently actuated to change angular attitude of
cutter head. Each cylinder is fitted with a thrust tube

Spherical bearing

Cutter head drive shaft

Cutter heod

Conveyor buchers

Longitudinal conveyor

to withstand side loading so that skid plates can with.
stand bi-directional loading.

Forward propulsion of machine is accomplished by
releasing pressure pad cylinders and retracting feeq
cylinders. With feed cylinders fully retracted pads are
forced into tunnel sidewalls and feed cylinders used
to move machine forward on skid plates. This method
of adjustment permits changes in direction withow
distortion of machine carriage.

To reduce size of main drive gear, thus allowing
room for an overhead conveyor and other component
to be placed around it, a four pinion drive is used.
Electric drive motors, symmetrically positioned around
main drive gear, give a more uniform loading to sleeve
bearing supporting main drive shalt than would be
obtained with a single gear drive.

The ceutral torque tube, supported by the spherical
bearing, serves as a structural backbone for entire
boring machine. At forward end, torque tube is [itted
with a bolted flange mounting a series of tapered
tLrust rollers. These rollers contact a raceway on back
of boring head and transfer loading directly to cutting
head. This removes all end thrust from main drive
shaft. Simple sleeve bearings support main drive shalt
in torque tube. Rear of torque tube is similarly
flanged to mount four electric drive units and also

serves as a closed gear case.

Torque tube

Pressure pods

Sub trome

DESIGN NEWS—SEPTEMBER 15, 1957

Sanitized Copy Approved for Release 2011/06/28 : CIA-RDP78-03642A002400070001-7

™ ;e la,u“l‘n -~ :
Dover Uses “Craaly)

——— e

FOUR PINK .
ings and redn
torquce to tin
ions are im
for replacenn
machine on
curved pressi
re-position s
Skid plate is
divection of «
thus reducin
material will
is uscd, Mows
Sllpl)(ll'l alr o
positioning o
ing eylinder.
ing on cyling

q SINGLE
boring  hieut
angular adj
vidually pe
at rear of 1.
to provide v
to tunncel v
hydraulic o
pair of hyd,
interlack ga
applied 1o
loosens i
discharge o .
sign develogp -

DESIG!



Gy

wd ,(,,,\.;,L.l

fates can with.

somplished by
ctracting feed
seted pads are
cylinders used

This method
wtion without

thus :l]lowing
ey components
drive is used,
tioned around
«ing to sleeve
han would be

v the spherical
me for entire

tube is fitted
o5 ol tapered
ccway on back
atly to cutting
anomain drive
tin drive shalt
w iy similarly
anits and also

Mo
'rw LR “ry f) ﬁﬁ el d n"vnf\—wv--\r F\ r - q(n\r-'« '\rw"x
FO "’) U\,L_Q J l\ ,h’\ J U MNDHJ hd',.uJu‘)llL.J.mv.d*

Sanitized Copy Approved for Release 2011/06/28 : CIA-RDP78-03642A002400070001-7

Electric drive motors

Drive pinion

FOUR PINIONS on cutter drive equalize loading on shaft bear-
ings and reduce size of gear teeth required to transmit a given

torque to the cutter shaft. Four clectric drive motors and pin- REAR PRESSURE
ions are interchangeable, which reduces inventory required PAD ASSEMBLY
for replacement parts, Forward crowding action moves entire.
machine on skid plates. At the end of feed cylinder stroke,
curved pressure plates are retracted and feed cylinders used to
re-position pressure pads longitudinally for a new reference point.
Skid platc is designed with series of marrow strips running in

direction of travel. On rigid material, skid rides only on strips, £
thus reducing frictional resistance to forward motion. When b
material will not support weight on runners, entire plate arca
is used. Movement differential between support on runners and
support on entire plate is small and therefore does not affect ]
positioning of cutter head materially. Detail shows rear position- -~ __%“—‘—:
ing cylinder. Note that double tube assembly carrics side load- ]
ing on cylinder,

Recir machine [rame
4 SINGLE SFHERICAL BEARING 16 inches in dia between £

an__mn_ l_mm
o uE,
v L.

boving head torque tube and supporting sub frame permits
angular adjusninent o change direction of boring. Four indi-
vidually positioned double activg hydranlic evlinders Jocated
at rear of frame (two verdical and two Lierizontal) are opprrcd
to provide nniveraat adjustinent. Nenction forees are tyanzforved
to tunnel wall by cursed pressnve pads forzed into sidewall by
hydeaulic avlinders, Custing hedd s ferced into rock fnco by a

Doublé-tube

pair of hvdeaulic evlindore an eithe

:—’f" of serque

terlock provends acta tirnt of thew
applied to pre oure palss Clocorhie yarg
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Superintendent, Methods Division,
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Survey and Methods Bureau,
Qutside Plant Coqs'tuch’on Department,
Consolidated Edison Company
.\ of New York, Inc.
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New machines and techniques accomphsh earth boring
jobs at reasunable and consistent cost where op.:n
trenching and tunneling would be economically impas-
- sible; boring is dona accurately, on year-round schod.
vle, with minimum discuption of traffic and inconven.
iencr: to puklic.

ACED WITH the daily task of in-

stalling underground electric con-
duit, gas and steam mains it the New
York City area, Con Edison has found
that it is not always econgmical or
practical to effect this construction by
using open trench methods. Traflic
density on city streets limits excava-
lions to a minimum and, vdry oflen,
construction must be accomplished
during off hours or week ends. More-
over, open-trench construction is con-
pletely out of the question in many
places, such as express highways, rail-
road rights-of-way, etc. These con-
ditions, coupled with ever-expanding
demands for eleclu(,, gas, and steam
service, resulled in costly installations |
and led to the development, over .
several years, of methods and machines
for horizontal earth boring. The com- |
pany is now at a point in this develop-
ment where some 12,000 {t of under- |
ground structures are inslulled annu-
ally. These are spread over approsic
mately 150 different jobs with bores
ranging from one-in. to 30-in. in di-
ameter, and from 30 to 340-ft. in length.

Three years ago, Con Edison entered
into an agreement with Boring, Inc., s
contractor, to handle all boring jobs
. Under this agreement, both the conr
pany and the contractor furnished ma
chine equipment and technical know- |

-~ Fditer's Note—This is the essential text of 'u pmnf

. . . . . CoT . presented by the asuthaor ar Tay, 1957 npeting
Fig. 1—A tri-cone rock bit, with tungsten carbide teeth, capable of cutting n.s way Ohr?ugh of the l“‘l’l_““wo“ and Distribition (”lm'l'““.
rock, is welded to the lead end of the pipe; it is the type used in oil well drilling operations. Edizon Electrie Iustitute, Kunsas City, Missourt.
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hoiw. The contractor furnishes field per-

-gonnel and experience to fit 'c'ompanyv

r‘cquirements. To date this arrangement
is working out to the satisfaction and
benefit of both parties. In addition, the
arrangement permits the company to
purchase boring jobs on a unit cost-
per-foot basis, just as open-trench jobs
are purchased.

Method Used
There are a number of ways to pro-
pel a piece of pipe through the earth.
Some of these are known as plain jack-

ing, augering and jacking, and jetting. .

Machines and accessories are com-
mercially available "from a number
of manufacturers for these various
methods, but none of them are. de-
sighéd for propulsion through earth -
contammg rock formations or bould-

ers. 1 h

Experience "in the New York City
area has shown that from 20 to 100
percent of boring jobs is rock cutting. .
RockI or houlder-free jobs are the ex-
ception rather than the rule. This con-
dition, coupled with the requirements
of ac:turacy in hitting the target with

um deviation and maintaining
production schedules led to develop-
ment {of our particular method and
type, %f equipment. We call the method
“Boring and- Jacking.” S

In this arrangement all pipes are
rotatecs and propelled through the earth

by a drill machine and a system of

o

PR SO

FIQ. 2~The twoasin, pactable unit is primarily for mid-block ond street
- intersection boring. 1t is o self-contuinud machine copable of making
‘pipe beras 30 10 90 Ft fong in thres to four hours.
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Fig. 3—This self- ined, compact boring hine drills pipes in the four to eight-in. diamster At l
range for a dlslun:e of 150 feet. Like the smaller unit shown in Fig. 2, it requires no nssombly i V '
the field, \ ¥ "& '
hydraulic jacks. A tri-cone rock bit, drill bit box, conveys a. liquid slurry .' l‘;l ¢
Fig.' 1, with tungsten carbide teeth, to the bit. A commercially available 1
capable of cutting its way through material known as “Aquajel,” a bar- " | 2
.Tock, is welded to the lead end of the ium-sulphate compound, mixed jwith. Ty
pipe. It is the same type rock bit used clay and water, forms the slurry which H |
in oil well drilling operations. is pumped. to the head end of the pipe , If; |
: Borina Techni ' and throuéh the bit as it 1s propelleJ f !
oring Technique - through the' earth. \ S
A: feed pipe, mounted concentrically The slurry serves a three-fold pur- ! [ -
in the drill pipe and connected to the pose: it lubricates the bit and bore .- i
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hole: it cools the bit; and it acts as a
- vehicle to carry the rock chips and soil
back to the boring pit. At the boring
pit the contaminated slurry is sucked
up and pumped to a vibrating shaker
screen which separates spoil from |
slurry. The latter is then ‘recirculated.

Two-Inch Portable 1

To conduct. these operations in the
field, the company has designed and }
constructed a number of different types -
of machines. One of these, known as

" the “Two-Inch Portable,” (Fig. 2) was
designed primarily for mid-block and
strect intersection boring. It is used
daily on new street-lamp service pipe
installations.

An eight-foot by 20-in. trench is dug,
usually on the sidewalk, alongside the
lamp-post. The trailer-mounted ma-
chine is rolled-dver the excavation, the
scaffold containing the boring unit is
lowered into it, aligned and chocked.
The machine is then ready to bore.
Pipe bores from 30 to 90 feet are made
with this arrangement in three to four
hours. Three such units are now in
use on the Con-Ed system.

This trailer-mounted machine con-
sists of a 26-hp gasoline engine coupled

to a 30 gpm, 1200 psi hydraulic pump

\

Fig. 4—Rear-view of machine iflustrated in Fig. 3 shows track rail off the trailer hooks ready to
bo lowered by the unit's electric-driven elevator into an excavation for the boring operation, .

138

which is connected to a 15-hp 1200
rpm hydraulic motor with a pair of
flexible hydraulic high pressure hoses.

The hydraulic motor is part of the gear |

reduction assembly mounted on the
scaffold portion of the trailer. This
‘unit furnishes rotating power to the
drill pipe at a speed of 40 rpm apd 8
maximum 'torque of 23,000 in.-1b. This
machine does not use power jacking
for forward propulsion; this is obr
tained manually through a roller chait
assembly and a ratchet comealong:
Experience in boring with pipe sizes 0
one- and two-in. diameters showed 3
tendency on the part of machine opt™
ators to force drilling operations witd
power jacking with the result that
bores were deflected from the targe

_ Self-Contained Unit
Another valuable machine in the nev

Electric Light and Power, O:!Qbel 15, 1987
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to eight-in. in diameter for a distance
of 150 {t. Like the “Two-Inch Port-
able” it requires no assembly in the
field and has proven to be a real time
and money saver in horing operations.

The rear view of this machine, Fig.
4, shows the track rail off the trailer
hooks, being lowered by an electric-
driven elevator. In the upper right may
be seen the gasoline engine, rated 70
hp, used to drive an oil pump which is
connected to a hydraulic motor that is
part of the boring unit mounted on the
rails. At the upper right rear interior
part of the trailer is a two-gpm 7500
ipsi hydraulic pump which furnishes
propulsion power to the two 20-ton
cylinder jacks that engage the notched
rail and push the boring unit forward.
At the left, directly behind the valve,
is a 500-gal. slurry tank that runs the
full length of the trailer body.

The front view, Fig. 5, shows the
vibrating shaker mounted on the top
deck. The suction pump is at the low-
cr left, mounted on the tow-bar apron.
At the lower right side, in the cutaway’
portion of the tow-bar apron, a barrel |
1 is placed on the ground to collect the
e ‘I cuttings and spoil that is separated
i} from the slurry and dropped through

s .
PREVSRILISY |
- \ .
-
wt

T

T b ihe (Y

Fig. 64 This giant power-packed boring unit
bores pipes from 16 to 30 in. in dia. for dis-
tances of 300 ft or more. The engine is a 200
hp GM diesel with integral torque converter,
ond hydramatic transmission system.

Fig. 5-~Front view of machine illustrated in #
Fig. 3 shows vibrating shaker at top, control
box at. left, and suction pump at lower left
mounted on tow bar apron,

! serics is shown in Figs. 3, 4, and 5.
{ Built on the chassis of what was once a
i U. S. Army scarchlight trailer, the unit
b s compact and sclf-contained, ready
{
i
1

to voll to a job location. It is 14-{t

{ long, seven-ft ten-in. wide, and cight-

’ ¢ {t six-in. high. In. use, the unit covers
70 percent of the excavated area over
which it sits, leaving only a small por-
tion that nceds protection. It literally
lifts ftsclf by its own bootstraps and is
tapable of drilling pipes from four-in.

Electric Light and Power, October 15, 1957 ) o - ‘ 139
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I’g l 1 ¢ Fig. 7—Control deck of machine illustrated in Fig. 6 showing gear reduction box and control panels.
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| 'i Fig. 8—Cl p view of middle deck of machine illustrated in Fig. 6 showing one of two 50-ton

[ | cylinder jacks partly extended on reaction rail; at top left is high-pressure oil pump that actuates

‘i } ‘i jacks in forward propulsion of pipe.
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tie duct mounted on the from wal) :
Circuit breaker switches are visible i.i
the partly-open cabinet at the Jop,
these  control  and  actuale pl(.cm‘ .
maotors, high-pressure oil pump, dyp,
pump. shaker screen, and elevatar, !
Since most of the work is perforyg
on public streets and highways, the
new. equipment was designed for quic
sel-up, a minimum of ﬁvld-usscml)])
operations, and a minimum need for .
work-area protection. We believe thy
the less time a crew spends al a woy, .
location and the less space ocenpied i,
doing a job, the more we contribute y,
better  public relations and overq)
economy.

Fourteen-Ton Giant i

o 3

Largest of the new serics of my
chines is a power-packed giant weigh, ©".
ing 14 tons capable of boring pip .
from 16 to 30 'in. in diameter for o,
distance of 250 ft or more. (See Fig,
6). The machine is shown in a coffg
dam on the east shore of the Harloy
River opposite Con-Ed’s  Shermay
Creek generating station, in position
and ready to bore the first of four 24
‘in. dia. sleeves, each of which will e
case two pipetype 132-kv' feedon, -
Each sleeve in this hore was 1104t
long and ran under the mainline tracks
of the New York Central R.R. leading ;
to and from the Grand Central Station,
The machine, as set up, handled 20 to°
22 random length of pipe. Lo

Fig. 7 is a right-rear view of this'
machine showing the control deck und;Z » y
the gear reduction hox. The engine is"
a 200-hp General Motors dicsel with
an integral torque converter, connected
to an Allison hydramatic transmission
via a system of silent chains and cour
ter-shafting. The transmission is cow
nected to the input end of the ger
reduction unit whose final .drive ¥
coupled to the main pipe boring shafl.
The transmission has three forwar
speeds and one reverse. The combing
tion of these components is such that
speeds of rotation from four to 40 rp® w
can be obtained. Maximum torque ¢ y |
well over 1,000,000 in.-1h can be trans >
mitted to the pipe at four rpm, 8 ot s
of torque for a mobile unit of this &2 -

This boring machine is 12-ft high 5
11-ft long, and 48-in. wide over jls e
carriage rails. The front drive plat S
is 38-in. in diameter and contains i -
drive bars, spaced 120 deg. apart, that
can be varied radially to engage 8%
size pipe from 16 in. to 36 in. in di
ameter. The track carriage rail con

(Continued on page 169)
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BORING BEATS TRENCHING —
(Continued from page 140)

of two 13-ft sections. This unit can be
disassembled for transportation.  The
smallest excavation in which this ma-
chine can be operatcd is 19-ft long,
five-ft wide; depth is determined by
depth at which the pipe is required.

A close-up view of the left side of
the middle deck of this machine is
shown in Fig. 8. One of the two 50-ton
cylinder jacks may be seen in a partly-

cxtended position on the reaction rail. -

The high-pressure oil pump that actu-
ates the jacks in forward propulsion of
the pipe may be seen in the upper-left
corner. Total pressure of 100 tons can
be impressed on the pipe with this

" arrangement. At the top center, the

hydramatic transmission may be seen;
below and to the right are two 12
volt starting batteries.

This machine, due to its size and
weight, is not totally self-contained. A
trailer containing slurry tanks, pumps,
shakers, and pipe ties is a separate
piece of equipment.

On its maiden run, this giant ma-
chine was instrumental is saving the
compnny a considerable amount of
money | over the accepted standard
methods ‘of open trenching or tunnel-
ing. Slow-down of train traffic on the
N.Y.C. imain line was eliminated, and
all four. bore runs were completed on
schedule. Approximately 39-ft of rock
had to he bored through in each of the
four bores.

Intermediate Size

In the band of pipe sizes from eight
lo 16 in. the company still employs

several older machines which will soon .

be replaced by two 150-hp machines
now under construction.

Cost Comparison

An evaluation of construction by the
hervizontal earth-boring method for the
Years 1955 and 1956 shows that:

{1} On normal city streets boring’

costs were from 80 to 100 percent
higher than open trench costs.

(23 Undcr railroad right-of-ways bor-
ing costs were from 25 to 60 per-
¢ent lower than open trench costs,

{3) Under parkways and congested
uty streets boring costs were 10 to
20 percent lower llmn open trench
costs.

(1) Over-all cost of work completed
dmlng the two years was 11 per-
cent below open  trench  costs.
These percentages .are based on

Eleetric Light and Power, October 15, 1957
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.(4) We can install underground con-

approximately $750,000 worth of . - -\
underground construction. T, o r Tl
Summary i E
Summarizing the company’s earth | |i e :
i )‘J_oj:lytlg“l‘vk

boring progress to date we find that:

(1) We can install various under-
ground conduit structures at a
reasonable and consistent cost.

(2) We can bore through rock for-
mations at rates from 14 in. to
four-ft per hour.

(3) We can bore through earth soils
at rates from 30 to 40 ft per hour.
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economically impossible.

(5) We can always hit our target with
a minimum of deviation from line
and grade. ¢

(6) We can operate on a schedule
l&sm all year round.

(7) We can install facilities with mini- TRANSFER
mum disruption of traffic and in- WRITE FOR O switcH -
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convenience to the public. C‘ EST BULLETINS % é
PRETERN

E).i\/ ESI
ERCIMTEFASAIAYS
SO gt N AN

(AU o edille,

sturdy, compact,

RotoTest

2 POSITION

2 | The OV pound
Cofiing Mighty Midges
Puller Lifts

OOV povwps

Lightweight and compact Coffing Mighty Midget
. Pullers are handy lifting tools for all kinds of opera-

\ .+~ .4 tionsin plants and in the field. The 1000-1b. capacity
I models weigh but 94 lbs., and will lift the full load

IQ . E with only 40 pounds of handle pull. The 500-1b. model
\ weighs 64 lbs., and 28 pounds of handle pull lifts
\ the capacity load. N

{ ) On both models the handle citn be used as a crank
! : i for fast lifting, or as a lever for \mrkmg irs crampee
: quarters. Should the puller be overloaded, the “safety

LA i

i fails.
sult your distributor or write to us for Bulletin MP.

807 Walter Strect, DAnVl“(,, Ilinois.
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) . valve”” handle will give before any load-bearing part
For full information on these sturdy pullers, con: : -

Coffing Hoist Division, Duff-Norton Conumny, '
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Natural Gas
BE FILED UNDER: | ' otvral Ga

Govopleting thhe Gas| Gl Ve

A FTER w well has been drilled 1o the desired depth, casing
must be set to provide a permanent hole for the production
of gus und oil at the surface for use or sale. The techniques
involved are referred 1o in the oil feld as completion opera-
tion. The importance of this phase of activity in securing
production is reflected in the relationship of its cost to that
of drilling the well. The materials and services used in com-
pleting und equipping the well amount to roughly twice the
cost of drilting the hole. In addition, great skill, training, and
experience are mandatory of the personnel responsible for
completion work to insure maximum economic benelits.

Setting Casing

Various factors influence the amount and size of casing
that may be used in a well. In the previous chapters on
Methods of Drilling it was pointed out that an initial or sur-
face string of casing is necessary to provide an anchor for (lic
blow-out preventers. The surface string is also needed to shut
off the entry of water into the hole from surface sands and
to prevent contamination of those same sands with mud, salt

‘ater, gas or oil from the drilling well. The length of this
pipe in the hole may vary from 50 to 1500 f1.

Between the base of the surface casing and the total pro-
jected depth of the well, other conditions may be encountered
that will require casing to protect the hole and permit con-
tinued drilling with safety. Pipe, used in this manner, is re-
ferred to as intermediate casing. It may be used to seal ofl
strong water flows or to bolster weak hole walls. Sometimes
soluble materials, such as salt, are encountered that will en-
danger continued drilling unless they are isolated with
casing,.

Finally, the pay section is reached and all points between
it and the surface must be excluded to permit effective pro-
duction. This is called the production string. Different con-
siderations dictate the base point for setting of landing this
casing.

When the production string of casing is run, the operator
has the choice of setting casing through the pay or on top of
the puy zone. If the casing is cemented at the top of the pro-
ductive horizon, in what is known as open hole completion,
this may be accomplished with special cementing tools after
drilling through the zone. Or, the hole may be drilled to the
top of the pay, casing run, and the productive section drilled
out below the pipe after the cement has set.

The advantages of setting casing through the puy zone
are that the operator has more control over the entry of gas,

- oil, and water into the well and the ability to be more selec-

tive as to the portions of the rock to be tapped for produc-
tion,

After the cement has hardened around the casing, the oil
or gas from desired portions of the strata is conducted into
the casing by holes made through the casing and cement.

These perforations are created by shooting bullets from
specially designed guns through the steel cusing wall and
cement jacket into the surrounding stratum. There are many
designs and sizes of perforating guns but all are lowered

38 Another AGJ exclusive . . .

Sanitized Copy Approved for Release 2011/06/28 : CIA-RDP78-03642A002400070001-7

Sanitized Copy Approved for Release 201

scored so you can lear out for easy, neat filing!

1/06/28 : CIA-RDP78-03642A002400070001-7
/,:, /[;9
/\/ 0. £ D

A Contngng Feucaionsl gre Reroo oo
Course mn Gas Technology., Alnagement.
Equipment. Operations. and Utilization

Ln
.\uu

into the hole with cables running over carcfully calibrated
reels that compute the position of the gun in the hole, In
this manner, the gun is stationed precisely for firing,

The number of shots expended may vary from one, or
very few, to several hundred., depending on the nature of
the formation and its contents. Practically all modern gas
wells are completed by setting pipe through the pay section
and perforating selectively to conduct the gas into the well.

Open-hole completions are advantageous when oil is con-
tained in the rock under low pressures. In such cases, it is
desirable for the oil to have as free access into the hole as
possible.

The method of running and cementing casing is the same
with all strings. As described in the chapters on Methods of
Drilling, the casing is put into the hole in a manner similar
to the handling of drill pipe. Cementing is done by forcing
cement slurry down through the pipe and up and around
the outside to fill the annular space. The cement is pushed
down by a column of water or mud, sometimes with the aid
of a plug, and held in place until it hardens,

Well Heads

On the surface. cach string of casing is surmounted by
Iradenhead, which is a device to permit control of the con-
tents of the pipe. These heads are doughnut shaped and

Well Head or
Christmas Tree

Cement

Surface
" casing

= Protective
string

7

ZProductive
Zone

arrangement of multiple casing settings and

Schematic shows
bradenheads
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Open hole completion

Casing set thru productive formation

sized to fit both the casing to which they are attached and
to closc against the next pipe to be run. {n this manner
the space between nested casing is sealed uno access estab-
lished at the welthead by valves.

The final head, usually called the casing li-ad, is screwed
or welded to the oil string and is capable «f recciving the
tubing. Valves and gages maintain control o, and access to,
the annular space between the casing and the tubing as with
the cusing to casing contact.

The tubing is, likewise, topped by a tubing head. 1f ihe
well flows, the top is blanked, off and the flow dirccied
through appropriate valves. In the case of a puinping well,
a hole in the top is provided for the insertion of sucker rods
and a stuffing box, for sealing, is added to close around the
polish rod that is precision ground to reduce wear on the
flexible sealing rubber as the rod moves up and down in
the pumping cycle.

Upon completion, all of the heads arc bolted together
and, with their array of valves and gages, become a unit
known as the Christmas tree. Reference to the accompany-
ing illustration” will supplement the cxplanation of the
structure of this piece of equipment.

Determining Whether to Set Pipe

Obviously, all of the expenditure of setting casing will niot
be made unless there are sufficient indications that a con-
mercial well can be made. The decision to complete a well
is generally based on a careful study of data obtained from
several sources.
Cuttings and Cores

One of the primary sources of information on the pro-
gress of the well and its potentialities come from the samples

|
i
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Christmas tree — consisting of high pressure flanges and valves to
control flow of gas and oil from underground reservoir to surface.

40 1F you need this article for your files, take it out now!

of cuttings. As the vock is chipped away by the bit, (he
particles are carried by the mud stream 10 the sirfuce where
they are separated from the mud. At intervals, samples of
these cuttings are taken for examination. The geologist is
able 10 determine. by analysis, both the formution being
drilled and. 10 some extent. the gas, oil or water content.

If the samples are not conclusive, but indicate possibili-
ties. the rock may be cored. A special bit is used to leave
a section of the rock standing in its hollow center (much like
a biscuit cutter) as it drills ahead. This standing core is en-
trapped in a core barrel above the core bit and brought 10
the surface for analysis. .
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Cores. At left is sandstone, at right is shale. Both were taken from a
Wilcox formation between 900 and 10,000 ff.

Often, the core is sealed in a special container and rushed -

to the laboratory immediately after being withdrawn from
the core barrel. Trained scientists there subject the core to
a number of tests to determine the relative gas/oil/water
content, the porosity, and the permeability. The informa-
tion, thus obtained, becomes the basis for estimates of the
value of the minerals in place.

Il drilling has progressed through a formation before it is
decided that a core is needed, the sample may be taken by
side wall coring. This is accomplished by lowering a cutting
barrell into the bore hole on a wire line. Electrically deto-
nated charges drive small cutting heads into the formation
at desired points. Multiple cores may be secured this way.
They are retrieved by raising the barrel, with its captive
pendulant core catchers, to the surface.

Eleetrical Logging

In addition to tabulating the characteristics of the well
bore from the cuttings, the well may be logged with ¢lectri-
cal devices. For this purpose, electrodes are lowered into the
hole and slowly withdrawn. A continuous recording device
micasures the relative resistivity of the formations to the
flow of clectrical energy flowing in a circuit around the clec-
trodes. Measurement is also made of the “self-potential” or
the ability of the formations to generate minute guantitics
of eclectricity.

Comparative experience with the resulls of such logs from
huadreds of wells enables the geologist 1o interpret the re-
sults in terms of oil and water; shale, lime and sand. To date,
no definite interpretation for the presence of gas is possible
from the usual electrical log.

Resistivity and induction logging, just referred 1o, is done
in the open hole. After pipe has been sct, it is ineffective. But,
the well can be logged electrically, through the casing, by
measuring radioactivity 10 obtain similar results. The rela-
tive strength of gamma ray penctration is charted con-
tinuously as the sensitive clectrode is stowly withdrawn from
the hole. The resulting log is unalyzed in much the sume
fashion as the more conventional log.
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King-size fracturing job in process on potential gas and oil well. Note large amount of equipment required.

Gas Detection by Mud Analysis

The most successful method, at present, for detecting gas
in the hole is the gas “snifter” device. Portable laboratories
are sct up on well sites and drilling mud is continuously ex-
amined as it returns from the bore hole. All of the mud
characteristics are noted and any addition to the mud stream
from the formation is detected. Very dclicate instruments
arc capable of discovering the most minute quantities of
gas. The depth of such gas is recorded, and carcful compari-

. son with other logs is made later.
* Drillstem Testing.

If & possible productive zonc is encountered that is un-
“evaluated, the operator may want additional evidence of the
“amount of gas or oil to be cxpected from the saturated for-

mation. In such a case, a drillsten test may be taken. The
hit is withdrawn and a special tool is run back into the hale
on the drillstem just above the formation to be tested. This
device has a section capable of expansion in such a manner
as to scal or pack off all of the open hole above it 1rom that
portion dircctly below that is to be tested.

After the packer is set, the lower end of the testing tool
may be opened 1o allow the entrance of gas or oil that may
be coming from the formation. In some cases, the pressure
is great enough to allow the gas, oil, or water to flow through
the drillstem to the surface. If not, the amount can be cal-
culated by closing the tool, to retain whatever it has entered;
and, thereafter, withdrawing the pipe.

Counting the number of joints or “stands” of pipe that
contain fluid and noting the characteristics of the contents
gives an indication of the kind of well which may be cx-
pected. TFor comparative purposes, the amount of time the
tool is allowed 1o remain open is recorded. This type of test
ix alwavs run in the open hole. '

Bringing in the Well

Having ascertained that there is o good chance of making
awell the cusing is run and cemented. When the cement has
set the well is ready for the final steps in completion. 1f the
casing has been set on top of the payv, for open hole com-
pletion. it is now drilled in by drilling out the cement plug
and penctrating the producing formation for the desired
number of feet, I casing has been set through the pay
rone, o perforating gun s run and holes made. as prev-
iously deseribed. through the casing and cement and into
the rock.

AMERICAN GAS JOURNMNAL, August, 1957

After contact has been established with the reservoir of
gas or oil, either by open hole or through perforations, f1b-
ing is run into the well. Efforts are then made to start the
well to flowing. Sometimes the well has sufficient pressurc
to bring the gas and oil to the surface as soon as it is opened

up. If flow is established, the well may be tested by flowing
-at varying rates, through different sizes of orifice valve open-

ings, to determine the most efficient volume of ‘production
with the minimum pressure drop. The amounts of pressure
on both the tubing and casing are closely watched because
of their importance in relation to the production of gas
and oil. .

Swabbing

If the well fails to flow, artificial means of stimulation
may be required. The most common means of starting the
well is by swabbing. A close fitting cylinder, resembling the
traveling barrel of a pump, is lowered into the tubing by a

wirc line until it has fallen far enough into the fluid of the

tubing to pick up an adequate load. Thereafter, it is rapidly
withdrawn to carry above it an amount of fluid to the sur-
face. A simple ball and seal valve retains the load of liquid
above the swab on the outward trip but permits the tool to
drop easily through the fluid. .

The swabbing process reduces the height of the column of
fluid and thus reduces the pressure exerted by the column
on the formation at the bottom of the hole. Although the
level of the fluid may not be lowered, it may be lightened by
the removal of water and mud that may have remained. The
swab also creates a semi-vacuum, as it rushes up the tubing,
to further stimulate the movement of gas or oil into the
well from the formation. From a few strokes to many days
of swabbing may be necessary to clean up the hole and start
the well to flowing on production.

Shooting, Acidizing and Fracturing

In some cases even the swab may not be enough to induce
the well to produce due to the denscness or tightness of the
formation. In carlier days. wells were loaded with nitro-gly-
cerin that, on detonation. so shattered the formation as to
cause gas und oil to enter the hole readily. In addition to the
danger to life and the bore hole, there were trequently costly
clean-out johs required for removing the debris accumulut -
ing from the explosion. Consequenty, other methods have
largely replaced this type of shooting.
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In Timestone, inespensive acids were found to be effective
in opening the formation, FFrom a few to several thousand
wallons of acid we forced into the formation under pressure.
Fhe cadeareons portions, being soluble in the acid. are rye-
moved and blown out at the surface by the acid gov ereated
or by movement with the fluid as the well tivws or s
swabbed, Many prolific fickds have been brought inte pro-
duction by this means.

A suter and more effective way of fracturing the tock is
the pumping of liquids under extremely high presaies into
the formation. Usaally the pressures involved are in excess
ol those used in acidizing and will reach 13,000 psi or
higher, The tiquid employed for the job is usually crude oil
with good flow qualitics. The crevices opencd by the pres-
surized fluid are generally longer, more narrow in width,
and more numerous than those developed hy nitro shooting.

Once the fracture has been made, it may close as the
liquid is withdrawn. To prevent this and o cstablish
permanent. permability, round grains of * ad are entrained
with the fructuring uid. This sand, in suspension, is readily
conveyed into the fractured stratum witiv the (lnid being
pumped in under pressure. By withdrawine the fracturing
liquid slowly the sand grains are entrapped to remnin in
their advance positions as “props” along the fracture planes.
Much like miniature mine columns and cribbings, the sund
grains hold avenues open for the traflic of gas and oil How-
ing to the well for production.

Packers and Squeezing

When it becomes desirable to put pressure on the forma-
tion through the tubing, without extending the pressue to
all parts of the casing, a packer is used. This is the same de-
vice described for use in drillstem testing except that it is
usced inside the casing to close the annulus between the tub-
ing and the casing. Thus, two spaces are segregated so that
dillerent pressures may be developed and contained within
them as though they were separate vessels. This is an im-
portant aid in performing many of the tasks required in
good well completion. Packers are frequently employed in
acidizing, fracturing, and in squcezing,

This last operation is usually a remedial action. If the gas-
oil ratio is too high — that is, if the voinme of the desired
product is too great in relation to the other — the section
containing the less desirable petroleunt phase is squeezed off.
Or, salt water may be entering with the gas or oil and steps
are required to sfop its admixture.

Squeezing is accomplished by one of two techniques.
Either all of the perforations are cemented closed, or pack-
ers are sef in such a manner as to restrict the section of the
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Gas and oil separators. This is a three-stage separation installation.
In hackground, left, are stock tanks.
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stratum  open to the flow of ¢ément through the tbing. Tn
the former case. new perforations must be made for hoth
the squeezing of cement. under high pressure, into the un-
desirable portion of formation and for subsequent contact
with the selected section for production.

The net result is the same -— cement. under high pres-
sure, enters and blocks that portion of the stratum that is
producing unwanted water. gas or oit. Perforations are
opened, or remain open by virtue of pu. her settings, ta the
valuable zone through which the unadultered product will
flow if the squeezing or sealing has been properly done.

Pumping Wells

All commercial gas wells flow by virtue of the qualities
of gas. However, gas may be depleted and the well may be-
gin producing oil when both have been present in the reser-
voir. When oil can no longer be brought to the surface by
the differential pressures (those existing in the formation
opposed to atmospheric pressure plus the weight of the
column to be lifted) it is necessary to resort o secondary
recovery. This, ordinarily, involves pumping the well.

Solid rods, called sucker rods, are run down inside the
tubing 1o activate, by an up and down motion, the working
barrel of a pump near the bottom of the well. The working
barrel of the pump moves snugly inside a machined barrel
fixed in the tubing string. In the bottom of the cylinder is
a simple ball and seat valve, called the standing valve, fixed
in a cage. A similar valve, placed in the moving barrel, com-
bines its action with the lower valve to permit a quantity
of oil to be lifted on each stroke of the pump.

Movement is imparted to the sucker rods and the pump
by o lever and fulerum device variously referred to as the
prmp joack, walking beam or pumping unit. Essentially, a

- pivated stecd beam s balanced with the weight of the sucker

rods and i * foad on one end and balance weights on the
other. A 7 avely small amount of power is needed to
maove the I nup and down to pump the well. The rods
are lastene 1 the end of the beam, over the wellhead, with
o flesible b e,

Surface i uipmont .

At the - .fuce, 'ow lines connect the crude products of
the well toihe init i vessels for their treatment and tempo-
rary storage. Gao and oil produced together are conveyed
through a separator, which delivers the gas, free of oil, to
lines for subsequent processing. The oil goes to tanks, on
the lease, for holding until it is measured out into the pipe-
lines.

Traps arc provided in the flow lines from gas wells to

extract any liquids that may be in the gas. These traps or
drips are designed so that changes in velocity and tempera-
ture aid in drying the gas before it is metered. The trapped
liquids are drawn off cither manually or automatically.
* There are numerous other types of equipment for the
preliminary cleaning of gas at the wellhead, such as scrub-
bers, but they all bear so much rescmblance to the proc-
essing equipment to be discussed in this serics thal it is
sufficient, at this point, to recognize their existence only.
The purpose of drips and scrubbers and such devices is to
clean the gas before delivery into the pipelines but the
tendency has been to do less such extraction at the wellhead
and more uat the processing plant. In the past, many valuable
elements werg lost hy wasteful initial treatment. Now, as
will be seen in subsequent chapters. everything of cconomic
value from gasoline to sulfur is taken from the gas before
it passes on for consumption as “dry” gas.
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Tunnel Sewer Construction
Facilitated by Specidl Pipe

Exemplified in Two Ontario Jobs

At two points in Ontario — in the
city of Toronto and in Crowland
Township near Welland — a new

method of sewer construction is under

way. It is especially adapted to sewer
work in built-up areas.

The city of Edmonton, Alta;, pion-
eered the use of the method in Canada
oh a day-labor job, but the two On-
tario projects are the fitst in Eastern
Canada on which the new technique
has been used, and only the second
and third of the kind in the country.

The new method employs pipe
known as Inner Circles Tunneliner;
in Eastern Canada the pipe is manu-
factured and sold by Niagara Concrete
Pipe Ltd., St. Catharines, Ont. The
technique involved makes it possible
to pass full-ring, precast concrete pipe
through the portion of conduit already
laid. This is due to the elliptical shape

of Tnner Circles pipe and the ratio

of laying length to width.
In the Toronto job, the
method of construction was selected
by the Department of Works of the
city of Toronto because the street in-
volved, Elizabeth St. south of College
St, is a narrow thoroughfare at the
rear of two hospitals. It was considered
desirable that traffic disruption and
noise be kept to a minimum; further-
more, borings had indicated that the
sewer would be constructed in a plastic
blue clay which would be self-support-

ing.
The dcslgn dictated the use of :

tunnel

33-in-diam. pipe, and if the conven-
of tunnel
construction  had  been adopted, the

tional monolithic method

minimum size of twnnel for practical

been 54 in. Be-

cause such a tunnel would have heen

purposes would have

uneconomical Inner Circles pipe was

selected by Clement Edwards, city

B L T R T T
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Showing how Inner Circles Tunneliner pipe
The Tunnelugger machine for
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A sewer in Turonlo constructed in
tunnel, using Inner Circl s
'lunnclrm-r pipe.

engineer at that time, and D. F. Mec-
Carthy, sewer engineer.

Under a contract awarded to Dun-
das Construction Co. Ltd., “Toronto,
shaft sinking commenced in mid-
November. The length of the sewer
was 1300 ft. and the avrage depth
to the invert is 27 ft.

On February 18, the city of Toronto
awarded to Alcan-Colony Ltd. a con-
tract for another project which in-

(Continued on page 53)

rings are lrausported lhrough sewer already completed.
delivering and positioning the pipe rings.
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REPORT OF A.VY.W.A. CONVENTION

(Continued from page 31}

using equipment in laundries and

large industrics, It appears, however,

that the customer is likely to create

problems within  his own premises

which he must correct with air cham-

bers  and surge-suppressing  equip-
ment. It would seem there are few,
it any, reported examples of water
mains  due o

hammer failures in

causes on customer prcmises.

Conirolling Reservoir [ vaporafion

On the subject “Reservoir Evapora-
tion Control,” Lloyd O. Timblin, Jr.,
W. T. Moran and W, U, Garstka,
all of the Division of Laboratories,
Burcau of Reclamation, Denver, Colo.,
presented a paper which elaborated
o tests based on the fundamental
studies of Rideal, Langmuir, Schaef-
er, LaMer and others, and the early
field studies’ of Mansfield,

have shown that monomolecular lay-

which

. o
ers of certain materials such as hexa-
decanol
used for reservoir evaporation reduc-

might  be advantageously
tion.

The paper mentioned that well over
100 owtdoor screening tests  with
standard  Class A evaporating  pans
were made with different monomeo-
lecular and duplex films. Under these
conditions  hexadecanol consistently
was one of the better performers,
However, the efficiency showed much
variation depending upon the sup-
plier, method of application, form of
the material, and ambient condition.

‘A maximum of 649 tvas observed.

Pilot studies were also conducted with
hexadecanol on pools 33 x 10 ft. Pre-
liminary toxicity studies with  hexa.
decanol indicated that no £ross toxic-
ity effects to the biological elements
of a reservoir would result from 2
short application of hexadecanol.
Preliminary arrangements, the pap.
er explained, were made for a full-
scale  evaporation  reduction 10 bhe

made on  Lake Hefner,  Oklahoma
City., To establish that o treatment
with hexadecanol would not cause a
deterioration  of water quality, tests

ake.

The results of a 2month treatment

were made on nearby  Kids
on Kids Lake indicate that from the
standpoint of  donestic water there
would be no deleterions effects upon
the water qualiry by an application
of hexadecanol.

Field tests are currently under wiry
to develop techniques for application
and maintenance of a monomolecular
layer of hexadecanol on large reser-
voir, Methods of film detection and

evaluation are also being field-tested.

Controlling Rainfall Artificially

An AW.W.A. Task Group report
on “Weather Modification”, presented
by Burton S: Grant, assistant general
manager and chief engincer, Depart-
ment of Water and Power, Los Ange-
les, Calif., presénted a picture of cur-
rent professipnal opinion on the sub-
ject of weather modification. The
author quoted Dr. Arnold Court of the
University of California, to the effect
that (a) to evaluate cloud-seeding op-
erations, the exact purpose and method
of evaluation must be stated before.
hand; (b) with present equipment,
total rainfall over an area cannot be
estimated with sufficient accuricy to

permit detection of the order c¢laimed

by most operators; and  (¢)  because
weather-modification  procedures  in-
evitably modify all aspects of rainfall
— duration, intensity, drop size, and
accompanying winds — which in trn
affect the accuracy of the raingage,
some  apparent increases in ranfall
could actually e increases in raingage
catch, caused by decreases in rainfall
mensity or in wind gustiness.

“The two processes of precipitation
development.” the report stated, “one
involving cloud droplets, the other de-
pending on the growth of ice crystals,
may sometimes be speeded up by suit-
able seeding techniques. and  some

clouds may therefore be induced 1o

The Municipal Utilities Magazine, Jur_u:, 1957
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precipitate which might not otherwise

have done so, at leag not immediately.

Whether this s possible depends on

. the cloud sirueture, however, and the

structure cannot be modified. Because

weather maodification applies only to -

favorable cloud formations and results
chieflv in speeding  up precipitation,
weather modification would be more
correctly considered rulisiril\uling of
precipitation,”

TUNNEL SEWER
CONSTRUCTION

(Continued from page 2Y)
cludes about 500 fu. of 39-in.-equival-
ent Inner Circles pipe.

The Crowland Township job, de.
signed by Graham Reid & Associates
Lad.. consulting  engineers, Toronto,
and being carried out by Dick Cou-
struction & - Engineering  Co, Ltd.,
Welland, Ont,, started on December 1.
T calls for 2,300 ft. of 36-in.-equivalent
and 1700 fr. of S4-in.-equivalent Inner
Circles, this pipe being chosen because
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location.

¢ NO NEEDLE SPINNING — exclusive electric
braking action.
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¢ RUGGED, COMPACT, ACCURATE,

CONVENIENT! .

® GUARANTEED—to function regardiess
of surface or ground cover.

® 15-DAY FREE TRIAL—No money! No ob.
ligation! Yout be the judge!

ORDER NOW—Write or Call Collect for
fastest delivery!

FRANCIS HANKIN & CO. LTD.

7445 Chester Ave. 100 Shofteshury Ave,
Mcntrea! 29, Que, Torerte 7, Ont,
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estimates showed that monalithic tun-
nelling would be more expensive.
The engineer's decision was again
based on three very important consid-
erations: (1)
from being dug up, (2) o keep con-

to keep busy streets

struction noises to a minbmum, and

(3) 10 take advantage of the existing
plastic clay soil in which this method
of construction has proved to be most
economical.

The "Tunnelugger"

The new method features the use

of a4 machine known as the “Tunnelug-
ger” which is electrically-powered and

runs on tracks. Its' function is to quick-

ly deliver and position Inner Circles
at either end. The “Tunnelugger” is
also available for hauling mucking
carts i and out. :

. ... Consulting Engineers . . . .
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Drainage, Conservation
Roads, Paving and Bridges

Glen Walford Dr,
Phone: AX. 3-7081

Hoiton Building
Agincourt, Ont.

GORE AND STORRIE
LIMITED
Consulting Engineers
L
-Water Works, Sewage Disposal,
Municipal and Industrial
Engineering

[ ]

1130 Bay Street Toronto, Ont.

ASSOCIATED ENGINEERING
SERVICES LYD.
CONSULTING ENGINEERS

MUNICIPAL SANITARY
INDUSTRIAL STRUCTURAL
SURVEYS @ REPORIS e DESIGN o
SUPERVISION
REGINA VANCOUVER
2233 South Railway 2256—West 12 $1.
EDMONTON

10250-106 Street

Beauchemin-Beaton-Lapointe
Consulting Engineers

{lormerly 1. A. Beauchemin & Associates)

INDUSTRIAL ¢ MUNICIPAL
PUBLIC WORKS PROJECTS
BUILDING & SITE SERVICES

REPORTS * ESTIMATES °* DESIGN °
CONSTRUCTION SUPERVISION

6655 Cote Des Neiges Rd.
Montreal 26, Canada
REgent 3-8268

Lr

HERBERT L. COONS
AND ASSOCIATES LTD.
Consulting Engineers

Water Supply, Sewerage Works,

Roads, Power, Foundations,
and Town Planning

Investigations and Reports
.

HERBERT L. COONS

Land Surveyors
Municipal and Sub-division
Surveys
L ]

TORONTO

194 Bloor St. West WA. 4-875)

Haddin, Davis & Brown Limited
CONSULTING ENGINEERS

Waterworks, Sewerage,
Irrigation, Drainage
Industrial and Structural
Engineering
Calgary and Edmonton, Alta.
Regina, Sask. Winnipeg, Man.

R. K, Kilborn & Associates Ltd.’
Professional Engineers

Water Supply and Treatment
Sewerage and Sewage Disposal
Hydraulic Works and Power Plants
Water Conservation
Town Planning and Development
Reports, Designs, Surveys and
Supervision of Construction

38 PARK LAWN RO
Phone: CL. 9-0839 Tortx?lo 14, Ont.

COREST DEVELOPMENT
LIMITED

Professional Engineers

Town Planners, Engineering Consul-
. tants, Water Supply, Sewerage,
Drainage, Roads: Residential,
Commercial and Industrdal
Subdivision Design
1886 Eglinton Ave. W, Toronto 10, Ont,
Phone REdfern 9869

H. W. LEA

[
Water Supply, Sewerage and Drainage,
ater Purification, Disposal of Sew-
age and Refuse, Water.Power
Developments and Power Planta:
Reports, Designs, Supervision
of Construction,

. [ ]
1226 University $t. Montreal, Qus.
Telsphane UNiversity 6-8092

[
Suite 10, 272 Somerset St.

w.,
Onawe, Ont.  Telephone—CEntral 5-7497
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~turers  of

“In the new process,” the manufac-
Circles
say, “there are no delays for mining

Inner Tunneliner
shifts, no time wasted setting forms
or bracing finished work. The method
is so simple that any qualified con-
tractor can bid on it with confideme.

“The
crew works in or near a full-strk’ngth'
Mech
anical handling cuts accident hazards

method is safe because thej

linished structure at all 1imes.

’

to 2 minimum. Inner Circles can be
jacked and tunnelled with or without

a shield. Al standard  underground

o A B BTRS IRhe w3 ARSI TR ton e ot Ao e SRNEORGER,
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practices are applicable.

“Pre-tested strength of the finished
structure s assured by controlled
manufacturing and testing of pipe
above ground. Controlled smoothness
of the uniform ring sections assures
full hydraulic capacity.”

Consulting Engineers . . . .

LURIE & NEUFELD

Architects, Consulting Engineers,
Town Planners

METCALF & EDDY

Engineers
.
Water, Sewage, Drainage,

J. L Richards & Associates

LIMITED ‘
CONSULTING ENGINEERS

Water Supply, Sewage Disposal,

CONSULTING ENGINEERS
-Mummpol engineering, special-
izing in water supply and purifi-
cotion, sewerage -and sewage
disposal, draincge, flood con-

- troi, and planning..
321 Bloor St. East
Telephone WA. 1-3189
19 Market Square, Saint John, N.B.
Telephone 3-3568

Toronto 5, Ont.

Buildings, Industrial Plants, Bridges, Refuse, Airports and Roads, Drainage
Waterworks, Sewerage, Swimming Industrial Wastes Problems INDUSTRIAL, MECHANICAL, ELECTRICAL
s. Pools, Sidewalks, Paving, New Sub- Laboratory Valuations Reports, Surveys, Design, Supervision
© divisions, Town Planning Reports. d -
Statler Building 465 Gilmour Street
METCALFE BLDG., LETHBRIDGE, ALTA. Boston 16 OTTAWA
James F. MacLaren Associates PENNOCK

CANADIAN-BRITISH LIMITED

Consulting Engineers
[

Water Supply and Purification,
Sewerage and Sewage Treatment.
Treaiment of Industrial Wastes.
Municipal & Indusirial Engineering.
©
OTIAWA; 46 Elgin St. CE. 2.9407
PEMBROKE; 98 Pambroke S1, "¥ast  RE, 2-9950

Stadler, Hurter

& Company
CONSULTING ENGINEERS

Waterworks & Sewerage
Town Planning
Municipal  Power
Roads & ‘rldgos

1501 St. Catherine 5¢. West
Montreal, Canada

A. D. MARGISON
and ASSOCIATES Ltd.

Consulting
Professional Engineers

30 Eglinton Avenue East, Toronto

MUNICIPAL, ROADS
TRAFFIC ENGINEERING

PHILIPS & ROBERTS LTD.
Consulting Engineers

Water Supply, Sewcroge, Drain-
age, Water Treatment, Incineras
tion, Ground-Water Surveys,
Tow: Planning, Reports, Design,
Supervision of Construction,

113 DARLING ST., BRANTFORD, ONT.

UNDERWOOD McLELLAN
& ASSOCIATES L#d.
CONSULTING ENGINEERS

Water, Sewerage, Drainage,
Roads and Paving, Land Surveying
402 Grain Bldg., SASKATOON

Telephone—24235
310-—1st Street East, Calgary, Alberta
Telephone 691807
Room 207, Silver Heights Shopping Center
Winnipeg, Man. Telephone 831059

McROSTIE & ASSOCIATES

Consulting Engineers

FOUNDATIONS
SOIL MECHANICS

WATER SUPPLY, SEWERAGE, AND:-
DRAINAGE, MUNICIPAL STRUCTURES.

OTTAWA 1, ONT.
393 Bell St. Telephone CE. 2-5334

THE

Pitometer Associates Inc.
ENGINEERS
Water Waoste Surveys
Trunk Main Surveys
Water Distribution Studies
Water Measurement and Special
Hydraulic Investigations

50 Church Street New York City

W. M. VEITCH

Municipal
and
Public Health Engineer
.

RR No. #
LONDON, ONTARIO
Phene 4-5804

C. A. Meadows & Associates
LIMITED
PROFESSIONAL . ENGINEERS
70 MUTUAL ST. EMpire 3-3425
Toronto 2, Canada
Sewers and Sewage Disposal
Water Supply and Purification
Mechanical Trades .—— Electrical
Heating, Plumbing, Ventilation
Bridges and Buildings

PROCTOR & REDFERN

CONSULTING ENGINEERS
Water Supply, Sewerage and Drain-
age, Water Systems, Municipal and
Trade Waste Disposal Plants, Incin-
erators, Pavements, Industrial Plants,
Bridges and other Structural Work.

11 Jordan S?., Toronto, Ont.
Phone EMpire 3.5375

W. L. Wardrop & Associates
ENGINEERING CONSULTANTS
Design and [nspectional Services for

Municipal,  Structural and Industrial
Engineering Profects

456 NOTRE DAME AVENUE
WINNIPEG, CANADA
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JE0 RANNEY, HAS A BOLD NEW STRATEGY FOR WORKING

gi1s MEDIA ARE OIL, WATER, SHALE,
(0AL, SALT, AND CITY PAVEMENTS

hihe endless search for new supplies of oil and. water, the ideas
dleo Ranney may prove to be more important than those of any
ther man alive. For forty years this Iowa-born engineer has

lnuted his energies to a basic revision of the processes of un--

inground extraction. While most twentieth-century inventors
ue labored on the recondite frontiers-of science, Leo Ranney
4 seldom borrowed from anyone later than Isaac Newton.

Tus his ingenious proposals have a homely appeal for the har-
«dlayman who has not really understood any major invention

e Edison came, up with the motion-picture machine in 1891,
On these pages are illustrated some of the results of Leo
wney’s-four decades of subterranean study and invention.
s fundamental observation is that nearly everything man wants
o underground can be reduced to a problem of drilling holes
uttunneling)—and that for almost every purpose a horizontal
Jle is better than a vertical one. Therefore, the basic art de-
doped by Mr. Ranney is a method of drilling carefully con-
slled horizontal holes for great distances through the earth.
l wherever possible he prefers to work entirely from above
wond. Mr. Ranney’s method for the underground gasification
ional, which could make lump coal a laboratory curiosity, was
liured in the April ForTUNE. But this ig only one of many
ssible applications for horizontal drilling. Thus, among other
ngs, he proposes. to recover oil with great efficiency (see
xing page), to-provide cities with'a ‘bombproof water supply
wge 98), to project pipes under busy streets (page 100), and
adrive oil out of North America’s vast shale heds ( page 101).

MNNEY’S ‘HORIZONTAL OIL WELL
“ttract the last drops of oil ont of the earth, Rannex Pproposes to sink a

F‘_“ work chamber in an oil formation, and from there drill horizontal
Mg Loles, about eight inches indiameter, as far as a mile out into -
and (only first 100 feet need bepiped). Oil can then-seep into the .
= and flow by gravity to the central chamber, whence it is pumped to -
f,‘,,s‘"(“ﬂe. In this way Ranney hopes to retrieve a fair portion of the 100 .
W barrels of U.S. oil now classed as “unrecoverable” because there

; ns no Ppressure ‘to force the oil into 'venical-type wells. (The nation’s
(.'td‘ or “recoverable,” reserve is only 21 billion barrels, barely enough
-‘,iwd"e years at going rates.) By ing and water-flooding, some
"t “unrecoverable” oil can be forced out; but about half is. left behind. - -
e Pe€d up the flow in his system, Ranney can use alternate spokes for - .
l‘"‘E aud applying pressire (possibly by burning a small portion of the. . -

in g . Pt " A
u, Stu) and thus drive-even the most viscous crudes into the unheated

"¢ might even vaporize the crude and boil it ‘right out of the earth,. ' - .

T
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UNDERGROUND.

3

4 THE INVENTOR, Leo Raniiey,
i is a’careful student of geology and
1 8 former Standard Oil engineer. He
4 has beencalled a dreamer for his
; unorthodox ideas on oil, coal, and
4+  shale but no one denies he has
j made the only real improvement

in water-well design in millennia.

Frank H. Bauer

. So far only the Ranney water collector is on a commercial *

basis, it having won prominence during the war for supplying
tremendous volumes of pure, iron:free water (peak capacity 600
million gallons a day) to some of the great ordnance-plants, The
Ranney oil well has not moved much beyond the experimental

. stage, but with demand for crude exceeding even the wartime

peaks it seems only a matter of time until the producers will be

forced to try out horizontal drilling on a commercial scale. The -

conduit-laying proposal has excited the interest of one of the
nation’s largest utilities and the work is going forward. As to oil

_shale, Ranney has generated considerable enthusiasm among

petroleum engineers, particularly in the Canadian industrial
center of Sarnia, where Imperial Oil runs a 45,000-barrel-a-day

- refinery and the Polymer Corp. operates the British Empire’s

only synthetic-rubber plant—both almost wholly dependent on
the U.S. for petroleum feed stocks. The irony is that Imperial
and Polymer Corp. lie directly over a rich bed of shale that
might yield some 15 billion barrels of oil-—equivalent to three-
fourths of the entire proved crude-oil reserves of the U.S.

Leo Ranney’s suggestions. for coal constitute a chapter in

' themselves. Briefly, Ranney, as long ago as 1929, proposed meth-

_ first world wa

ods of (@) removing the valuable free methane from coal seams,
and (b) burning coal underground to remove the energy in the

form of gases. Pittsburgh Consolidation Coal (ForTunE, July) -

SCIENCE AND
TECHNOLOGY

has a contract with Ranney to run a methane-recovery experi- - -. -

ment; and both Pitt Consol and Standard Oil are studying under--

ground gasification as a possible route to synthetic gasoline.
After graduating from Iowa State Teachers’ College in
1905, Leo Ranney spent two years in, the public schools of

" Alaska. There he heard the tales of many an old prospector and |

became fired with an ambition to study geology. He returned to

_the States and obtained a B.S. in geology at Northwestern and ', e d )
then'took some courses in engineering at Columbia. During the- / g
the Army Chief " \\

r he served as a special gssispaﬁt to

2
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* New York City obtains most of its 1.1 billion gallons a day of water \Ww\‘? Drowings by Robert Frezbolted
from vulnerable surface reservoirs. To provide a measure of security in \\\\_,\ \\\\\\\ \\X\\g\
a hacteriological or atomic war, Leo Ranney has suggested to the Army N&N‘\' \\\
that New York could draw on Long Island for a vast bombproof re- SRR

scrve of water. “Long Island,” says Ranney, “is just a vast sand dune
that soaks up rain water like a2 sponge.” And the island catches a
copious sharc of rain—over one trillion gallons (43 inches) a year.
Most of this sinks into the ground and is wasted to the sea. By install-
. ing a battery of the highly efficient horizontal water collectors that he
invented in 1933, Ranney believes he could easily pump half a billion
gallons of water a day into New York without depleting the supply.

s

of Ordnance, who, becoming worried about the crude-oil sup-
ply, asked Ranney to make a study of méthods of secondary
recovery. At that time wells sunk into an oil-bearing formation
usually vecovered only 10 to 20 per cent of the oil present. Ran-
ney decided the best way to get the remaining oil was to expose
a greater area of the oil sand by tunneling under the formation
and drilling a number of short wells upward into the oil sand.

(He had not yet developed horizontal drilling.) At the end of °

the war he tried his method in Texas and filed patent applica-
tions. By 1925 the country was in the grip of an oil-shortage
panic and Standard Oil bought up Ranney’s patents, making him
President of Ranney Oil Mining Co., a Standard subsidiary. Just
as he began to think his fortune was assured, several large new
fields were discovered in California and Oklahoma. And a short
while later fabulous East Texas came gushing in, crude dropped
to 10 cents a barrel, and Standard had oil running out of its
ears. Thereupon Ranney arranggsd to dissolve his ties with Stand-
ard so he could try peddling his method to the industry at large.
“It was during the depression,” he says, “that I learned I was
no salesman.” Forced to cut the ‘cost of his method, Ranney
perfected the art of horizontal drilling and substituted it for
* hand-driven tunnels. But still there were no takers.
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PRECISE DIRECTIONAL CONTROL is the heart of Ranney's subtorrawit
technique. To go straight (figure 1}, he mounts a long rigid core barrel Dchine e
rotating bit. To guide his bit up (figure 2), he uses the sagging drill rod as a ""‘f
To go down (figure 3), he inserts two guides to support the rod and inake the W'
dip. To curve right or left (figure 4), Ranney uses a finned gadget that -
the direction of bit rotation. He is now perfecting a remote-control, omnid
system. Cuttings are washed out of the hole conventionally (figure 5’._ |
‘culating mud down the center and back around the outside of the il

* Sanitized Copy Approved for Release 2011/06/28 : CIA-RDP78-03642A002400070001-7
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IE EXACT PATH followed by a “horizontal” hole can be plotted by taking
- .
w basic fixes at regular intervals: the depth, and the angle of te course with
spect to north. To determine depth (top), a water-filled tube carrying a pressure
auge in its nose is pushed through the hole. The gauge indicates the head of water,
nce depth, at any point. Simular check points for course (below) are obtained by
asing a magnetic or gyrocompass through the hole. The readings may be recorded
2 film or relayed to the surface by a transmitter coupled to the instruments.
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It was then Ranney recalled something his wife had said
to him in 1929: “Not everyone needs oil but everybody needs
water every day.” Temporarily discouraged on oil, Lco Ranney
saw immediately that his basic oil well (page 96) should make
an excellent water ‘well. The only change necessary was to re-
place the horizontal holes with perforated steel pipe to hold hack
the gravel present in the typical water-bearing formation. 1o
had just finished his designs when he chanced to read inthe
Illustrated London News that London was suflering a severe wa-
ter shortage. This was 1934. Ranney sailed for England immedi-
ately and found he was enough of a salesman to swing the
conservative Metropolitan Water Board. Within six wecks the
fivst successful Ranney water collector was producing the speci-
fied two million gallons a day of pure water. (It is still flowing
at that rate.) At the age of fifty, Leo Ranney had demonstrated
the first radical improvement in water-well design . in several
thousand years, and got a long-deferred taste of success.

Ranney followed the London installation with one in Lisbon,
and then took his idea to Paris, where a competition had just
been held to find the best system for supplying the city with a
billion gallons of water a day. Ranney arrived after the award
had been made but he quickly drew up a plan of his own that
looked so good the authorities substituted it for the one already
selected. Paris started work on the $20-million project, but
called the whole thing off when war appeared imminent.

Back in the U.S., the Ranney Water Collector Corp. of
New York was created just in time to supply many of the most
vital war plants with emergency supplies of pure filtered water.
Using Ranney’s system, the great Indiana Ordnance Works near
Charleftown was in production by July, 1941, only six months
after ground was broken. A conventional water-treating plant to
supply the same quantity of water would have taken a full year
to design and build and would have cost 35 million more than

e
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THE HORIZONTAL DRILLING MACHINE

With Ranney’s machine (above), two opposed holes can be drilled out alternately
by pumping hydraulic fluid from one side of the sliding cylinder to the other and
. adding sections of drill rod as the holes lengthen. This is Ranney’s technique for
boring horizontal oil wells. When drilling from above ground the machine is tipped
at an angle. A single hole can then be driven down, leveled out (as in shale, facing
page), and after running a mile or so, be tipped up to return to the surface. In-the

Ranney water collector no drilling is needed. Perforated steel pipes, bullet-nosed, .

are jacked out from a caisson and penetrate 250 feet into the aqueous stratum.
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AN END TO TEARING UP PAVEMENTS

The ingenious application of horizontal drilling sketched above has one of the na-
tion’s largest utilities greatly excited. Laying new subsurface cable and pipe in any
large city has become a costly engineering problem and a severe community nui-
sance. Traffic gets fouled up, and the utility doing the job always runs into a bar-
rage of litigation. In New York City alone torn-up pavements inspire an average
of six lawsnits a day. To eliminate all this, Leo Ranney envisions holes drilled from
manhole to manhole, which could, if desired, loop far below the existing snarl of sub-
surface impedi He also prop to run pipelines under rivers in similar fashion.

et oM IDEN AL

e users included Allied (.
cal & Dye, Air Reduction, and Seagram & Sons. The n“mbe,nn:
units in the country today has passed seventy. 4

During the war Leo Ranney served as a consultant o
for the Australian Government. (A month before Pear] Haﬂ: !
he turned down a highly attractive three-year contract p) "
by the Japanese Government.) At Lakes Entrance, 15¢ y,p,
from- Melbourne, Ranney $upervised the design of his 1;1.»51;;
horizontal oil-well system with a drilling chamber at (i |,
of a 1,156-foot shaft. Uncompleted when the war eidod, d,i.
project passed from government to private hands, and wa

offerey’

- the horizontal well is again going forward. While in Ausira);,

Ranney also drew up plans for the removal of methane {ron,

. gassy colliery under Sydney: The gas was compressed and us

as a substitute for gasoline in Army trucks and other vehicle
throughout the war. L

It is a curious reflection on Amesica’s vaunted industrid
leadership that several of Leo Ranney’s ideas have received thei
first test in foreign.countries. (Even underground gasification
of coal-made its debut abroad, in Russia, and Ranney suspect
«hat the Russians made liberal use of the patent applications b
sent to Moscow and never heard from again.) Parl of the
explanation may be that American industry tends to suspud
any idea that can’t boast an immaculate conception—palenily
anonymous—in one of its own giant research mills. Industry i
obviously wary of a private inventor with a broad-gauge il
who can talk big money in either patent rights or royaltics (an!
Ranney’s ideas touch two of the industrial colossi: oil and coil}
With his water collector Ranney didn’t encounter this obstack:
He had a method at .once remarkably efficient and remarkably
cheap (less than $100,000 per collector of ten-million-ga!lon®
day capacity), which produced a substance of slight negit
ability. It isn’t so easy for Ranney to prove his case with oil. A¥|
his critics are fairly vocal. They dispute Ranney’s whole thed
that horizontal wells are much better than vertical wells for &
tracting the final 50 per cent of residual oil in the earth. B
Ranney insists that until someone actually drills 100,000 it
of horizontal holes through a single square mile of oil sand,”
one can predict what will happen. (The amount of sand expot
by the most closely spaced vertical wells seldom exceeds 10,0
feet.) Now that crude is tighter than ever before in history.
Ranney should soon have his day in court.

The inertia in the coal industry has been something else
again. When Ranney talked coal any time between 1925 anl
1940 he was talking to and about a distressed industry, which
reckoned its research in nickels and dimes. Today, Pittshureh
Consolidation, Standard Oil, and Dobie Keith are all drivin:
hard on coal, and Ranney at last has the attention of some ar
gineers with considerable vision of their own.

At sixty-three, Leo Ranney is still discovering new uses for
his versatile horizontal techniques. For instance, he believes he
can extract hydrocarbons from the multibillion-barrel tar sanls
of California and Alberta, or work certain salt deposits (sil s
the table salt and potash salts of New Mexico and Saskatchew 1)

" or improve the efficiency of prospecting for metallic ores by pull

ing out long horizontal cores for analysis, or even mine <
—either as a powder or in old-fashioned lumps—from u7'*
ground, at tengor twenty times present efficiency, by tricky modilr
cations of his drilling machinery. If only a fraction of his ™
posals reach maturity and commercial application, Leo R_ﬂ nnt
will be recorded as one of the most ingenious minds of this 25’0
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